Development of Novel Hydrogen sulfide Therapeuticsfor
Translation to the Clinic

David J. Lefer
LSU Health Sciences Center-New Orleans, New Or|da84

Hydrogen sulfide (KS) based therapeutics have emerged as a viable
candidate for the treatment of a number of cardioukar diseases. At
present there are numerous reports demonstratitentpeffects of
H.S donors and releasing agents in preclinical moaélsacute
myocardial infarction, heart failure, peripheralsgalar disease and
cerebrovascular diseases. While these studies gupp® clinical
translation of HS therapeutics for cardiovascular disease theraare
number of issues that must be addressed for sdot@&ssisition from
bench to bedside. One of the most significant &trons for
translation of HS therapeutics is the lack ob$tdonors with suitable
pharmacokinetic profiles for the use in chronic deavascular
diseases. Most of the currently availabkSHionor agents release3H

in a rapid and uncontrolled manner and this canltr@s poor efficacy

or even toxicity if HS levels rise to suprapharmacological levels.
Data will be presented describing novel,SH donors that are
engineered for controlled and sustainegb Helease under in vivo
pathological conditions. Another significant hurdibat must be
overcome for the development ot$lto treat cardiovascular disease
is a more complete understanding of the role(shef3 endogenous
enzymes cystathionine gamma lyase (CSE), cystati@orbeta
synthase (CBS), and 3-mercaptopyruvate sulfur feaase (3-MST)

in the physiology and pathology of the cardiovaacidystem. Data
will be presented describing the roles of variousSdgenerating
enzymes in cardiovascular disease states. Anotrggrirement for
clinical translation of HS to cardiovascular disease in man is the
testing of HS in more rigorous, clinically relevant, large aalm
models of cardiovascular disease. To date the mpajof published
reports of the cardioprotective and vasculoproteceffects of HS
involve rodent models of disease.



These studies represent a strong first step, mifirowtion of these
beneficial effects in large animal models is neagsgprior to the

initiation of clinical studies in cardiovascularsdase. Data will be
presented describing the results of recent expatsni@ the area of
peripheral vascular disease (i.e., critical limbhiesmia) in a porcine
model that very closely mimics the human clinicahdition. While

H.S therapies present a viable and exciting drugsclias the

treatment of acute and chronic cardiovascular dessdhere is still
remaining work to be done to ensure successfukl@ton to the

clinic.



Preventing Myocardial Ischemia-Reperfusion Injury and Failure
with Hydrogen sulfide

Fadi N. Salloum
Sanger Hall Room, Richmond, USA

Hydrogen sulfide (KHS) has been long recognized as a highly
poisonous gas that is rapidly lethal in intoxicgtmosage. However,
discoveries during the last decade on the endogesynthesis of H2S
in the mammalian system and its protective roleambating cellular
necrosis, apoptosis, oxidative stress, inflammatas well as
promoting angiogenesis and modulation of mitochiahdespiration
in the setting of myocardial ischemia and repedusinjury have
prompted vast interest in the possibility of depéhg new therapies
based around mimicry or facilitation of endogenoHsS for
cardioprotection (1,5,7). These observations havepiied rapid
development of H2S-releasing drugs in hopes of tswiinical
translation in patients with cardiovascular dise&3er initial studies
were focused on investigating the role ofSHin mediating the
cardioprotective effects of the nitric oxide (NGQ)tc guanosine
monophosphate (cGMP)/protein kinase G (PKG) axj8,92, which
were later expanded to encompass the mechani$éctefof HS-
donor therapy in the context of mMiIRNA modulatiordanitigation of
cardiac inflammasome formation/activation post nayd@l infarction
(6). We further identified novel protein targetsjng proteomics, that
may play key roles in the evolution of heart fadlusecondary to
myocardial infarction and we are currently studying impact of HS
therapy on these proteins [mitochondrial antivsgnaling (MAVS)
and cofilin-2 in the context of acute myocardidiaiction and heart
failure. MAVS has been implicated in attenuatingxdp@ediated
cytochrome release following oxidative stress indmamyocytes (4)
and cofilin-2 expression has been shown to increasé form
aggregates in the hearts of patients with idiopathiilated
cardiomyopathy (8). Our new results show tha® reatment by way
of donors fails to attenuate myocardial infarctionMAVS knockout
mice and we also have preliminary data that dematesincreased
expression of cardiac cofilin-2 in patients withdestage heart failure



concomitant with decreased expression of cardiatatlyioniney-
lyase as compared to control hearts. We hope tloaé miscoveries
will be made to illustrate the versatile benefitd$4gS and its potential
for clinical translation in patients with cardiocasar disease and
heart failure.
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Sulfide Biogenesis and Oxidation

Ruma Banerjee
Department of Biological Chemistry, University ofckigan Medical
School, Ann Arbor, USA

Despite the excitement about the varied physiokgtfects mediated
by H,S and the consequent profusion of literature o6 Hiology,
there is a large gap in our understanding of holle ceaintain very
low steady-state levels of,H and amplify the signal as needed (1).
Three enzymes in the sulfur network are importantité biogenesis.
Two catalyze well-described nony&l producing reactions in the
transsulfuration pathway and also synthesize aystpersulfide from
cystine (2), raising questions about how the denidetween these
competing reactions is made in the cell. The payhvi@ H,S
oxidation resides in the mitochondrion where thezyemes
successively oxidize sulfide to sulfate. While atdfis innocuous, a
number of the intermediates in the sulfide oxidatjpathway are
reactive and their role in sulfide-based signaliregnains to be
assessed (3).

We have recently discovered a noncanonical sulfaedation
pathway in red blood cells, which lack mitochondarad will discuss
the challenging heme-dependent oxidation chemikatit uses (4).
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Sources, targets and pathways: an update of Hydrogesulfide
Signaling

Andreas Papapetropoulos
Faculty of Pharmacy, National and Kapodistrian Usisity of Athens,
Athens, Greece

Once viewed exclusively as an environmental patiutnd toxicant,
H.S is now recognized as an endogenous biologicaliatoedwith
important roles in physiology and diseasesSHs generated both
through enzymatic and non-enzymatic pathways. &lkereymes are
known to be involved in catalytic reactions thelgi&l,S. Two of
them cystathionine beta synthase (CBS) and cystdatle gamma
lyase (CSE) are part of the trans-sulfuration pathvand use L-
cysteine as a substrate to produdgS. The third enzyme is 3-
mercaptopyruvate sulfurtransferase (3-MST) and edsv 3-
mercaptopyruvate (3-MP) to,8 and pyruvate. CBS is allosterically
activated by S-adenosylomethionine and is uniqueongmPLP-
dependent enzymes as it is the one and only knowrarry a heme
prosthetic group. 3MST differs from CSE and CBS co-factor
requirement as it does not need PLP for its catabgdtivity, and is
found in both cytosolic and mitochondrial fractiarfscells. In spite of
intensive research in the field, it is still unclé®w minute-to-minute
regulation of HS levels is achieved, as would be expected for any
signaling molecule.  Although Ca2+/calmodulin weneitially
reported to stimulate CSE activity, this effect msnimal and its
biological importance remains to be establishedreviecently, CSE
and CBS were shown to be phosphorylated and CBS is
glutathionylated; all of these post translationaldmfications impact
on enzymatic activity. A major mechanism throughaokhH,S signals
in mammalian cells is persulfidation; examplesto$ imode of action
for H,S include the activation of NiB, glyceraldehyde phosphate
dehydrogenase and ATP-sensitive potassium chanh&lS. also
activates kinases, inhibits phosphatases, altezsatttivity of ion
channels and enhances the activity of transcrigiators like Nrf-2
and HIF-1. In additionH,S exhibits both direct and indirect anti-
oxidant properties. In the cardiovascular systes8 14 known to exert



a variety of beneficial effects; these include vakxation,
cardioprotection, and reduced atherosclerosis dpwetnt. Nitric
oxide plays a prominent role in,8-triggered responses in the
cardiovascular system, as genetic deletion or paeofogical
inhibition of eNOS inhibits the ability of ¥ to relax blood vessels, to
enhance angiogenesis and to protect the hea8.dbo impacts on
cellular bioenergetics and can be used as inordameicto preserve
electron flow and sustain ATP production, which higbecome
important when Krebs cycle-derived electron doremes insufficient
to cover cellular bioenergetic demands. Given tlegopopic effects
of HoS and its deregulation in several states disedéertse are
underway to translate basic science discoverias ghimically useful
treatments. Pharmacological agents to inhibit esteesproduction of
H,S, andH,S donors to restore low levels where needed, arerdly
being evaluated in preclinical and clinical models.



Free Thiols and Gaseous Signalling Molecules in Hila and Disease

Harry Van Goor
Department of Pathology and Medical Biology, Unsigr Medical
Center Groningen, Groningen, The Netherlands

Oxidative stress is cardinal in the pathophysiolagfyaging and
diseases. As free thiols are readily oxidized kgctige oxygen and
sulfur species, their circulating level may dirgatéflect the overall
redox status. This is of particular interest sirfcee thiols are
amenable to therapeutic modulation. Reversible aixid
posttranslational modifications of protein thioly Iseveral small
molecules such as the gaseous signaling molecities oxide and
hydrogen sulfide (k5) have been suggested to protect proteins from
irreversible oxidative damage. The modificationgsi molecules
induce, individually or in conjunction, are S-n#xtation, and S-
sulfhydration. S-sulfhydration is indirectly broughbout by HS,
either through reactions of oxidized thiols withifisie or through
reactions of sulfide oxidation products (includipglysulfides) with
thiols, giving rise to persulfides. Pharmacologisimulation of the
molecules inducing these reversible protein modiions could be a
strategy to influence the amount of free thiolsrt@la thiols are
involved in redox signaling by acting as redox-siés and oxidative
posttranslational modification of these criticabg@in thiols can alter
protein function.

Our current studies attempt to elucidate whetherdberall system
architecture including its regulatory elements &a&ninterrogated by
evaluating the system in action using healthy humamditions and
different perturbations such as human diseasengstti

For that purpose we studied free thiols and endywots of hydrogen
sulfide i.e. sulfate and thiosulfate in healthy iduals (n=6855),

renal transplant patients (n=707) (1), healthynlivdonors before and
after donation (n=110), type Il diabetic patie(is1004) (2), and

patients with heart failure (n=10@).
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Production and function of Hydrogen sulfide and Hydogen
polysulfide

Hideo Kimura
National Institute of Neuroscience, National CertéiNeurology and
Psychiatry, Tokyo, Japan

Two decades have passed since the first identdicaif endogenous
H,S in the mammalian brain, and studies of this mdéeancovered
physiological roles in processes such as neuroratido| vascular
tone regulation, cytoprotection against and oxidatstress. We
previously demonstrated that$linduces C3 influx in astrocytes by
activating transient receptor potential (TRP) clesnand during this
study we found that %, activates TRP channels much more potently
than does kB (1-2). We recently found 49, in the brain and that it
activates TRP ankyrin 1 channels (3). Subsequerdygral other
effects of HS, have been reported; suppression of the tumor
suppressor phosphatase and tensin homolog, ftoitaof the
translocation of nuclear factor-like 2 to the nudeto upregulate
antioxidant genes, the reduction of blood presbyrdilating vascular
smooth muscle though the activation of protein &naG, and
facilitation of neuronal differentiation. Despithese important roles
of H,S,, the number of sulfur atoms in,& and whether they are
produced in cells were unknown. We recently idedifH,S; as an
important HS, in the brain and its producing enzyme 3-
mercaptopyruvate sulfurtransferase (4).
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Well Beyond a Simple ‘Cross-Talk’ Story: On the Ungue Position
of Reactive Sulfur Species in the Redox Metabolome

Martin Feelisch

Clinical & Experimental Sciences, Faculty of Mediiand Institute
for Life Sciences, University of Southampton, Souagiton General
Hospital, Southampton, UK

The development of life on Earth was intimatelykéd to the
composition of Earth’s primordial atmosphere, theilability of
redox-active metals (enabling electron transfercgsses), and other
inorganic soil constituents that could be explo#sdnutrients. While
little is known about the earliest life forms amvffossil records from
this time have survived to current study, seveirad of evidence
suggest that the early atmosphere on Earth wastedgeanoxic and
sulfidic (i.e. containing hydrogen sulfide,,®) (1). Sulfide became
used as a substrate for energy production by mdn&re
sulfoxidizing organisms that later developed intatochondrial
organelles, fuelling much of the metabolic machyrnafrcontemporary
eukaryotic cells. In order to survive and thrivegh early life forms
must have required elaborate sensing and respoleseerd@s to
appropriately adjust energetic needs and metabpéithways to
changes in external conditions. We believe thafidaulplayed a
fundamental role in accomplishing this feat, preloeg oxygen and
nitric oxide (NO)-based signaling (1,2). This woudkplain why
modulating systemic sulfide availability, either toyibiting enzymes
involved in its production or by addition of sulfdsalts and k5-
generating compounds, is accompanied by chandgesahand global
redox status, in turn affecting a large number thieo redox-linked
cell signaling processes. This presentation wakdss the role sulfur
is likely to have played in shaping intermediarytab®lism and redox
signaling and explain why it continues to play eatliundamental
functions in regulating cellular and bodily proocessits role as an
evolutionary early substrate and messenger helpsepbualizing the
‘cross-talk’ between reactive oxygen species (R&t) NO as well as
that between the NO and.&fpolysulfide/reactive sulfur species
(RSS) signaling pathways. While peroxynitrite (ONPOa key
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product of interaction of NO with superoxide, waparted to oxidize
thiol groups 25 years ago, more recent investigatguggest that the
sulfur analogon of peroxynitrite, nitrosopersulfitesSNO/ONSS) -
one of several reaction products of the Nggkhteraction - may play
a similarly fundamental role in cell physiology lgving rise to
polysulfide formation and by enabling sulfur traking, electron
transfer and redox signaling (4,5). We here propibse all these
reactive species are part of the same cellularcedonork.
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Insights into the molecular pathways of Persulfidenediated
Redox Signaling

Peter Nagy
Department of Molecular Immunology and Toxicolodyational
Institute of Oncology, Budapest, Hungary

Persulfide-mediated redox signaling and protectgainst oxidative
stress are in the focus of hydrogen sulfide biol(ig®). Our research
is centered on the underlying chemical basis armyrealogy of
persulfide formation and catabolism in a cellulantext (3).

We demonstrated that inorganic polysulfides cak S to protein

thiol oxidation. We found that oxidation of the tamsuppressor
PTEN protein by polysulfides is a highly favoralpiecess even in a
very reducing milieu, representing an efficientaedswitch for the

enzyme (4). We provided evidence thaiSHcan react with reactive
disulfide species in thiol/disulfide exchange-lilgactions to produce
protein persulfides and showed that in extremeasdns even the
transfer of the oxidizing equivalent (coming frommetdisulfide) to

produce inorganic polysulfides can be energeticalfvorable

(although the biological significance of these teas remain to be
demonstrated) (5). Beside our work, an increasungber of studies
are now focused on the mechanisms of intracelluarein persulfide

formation via enzymatic and non-enzymatic processes

In contrast, the regeneration of protein Cys ressdinom persulfides,
which is apparently a requirement for a bona-figealing model, has
not been widely investigated. In our recent paper developed a
novel persulfide detection method (ProPerDP), wrattbwed us to
undertake the first comprehensive study on thereggion of Cys
residues from persulfide species in a cellular exinandin vivo (6).

ProPerDP is specific, easy to use and utilize czdynmercially

available material. | will demonstrate the critici#ps of our method
and demonstrate its utility for the sulfide comnuniUsing an
enzyme Kkinetics approach we demonstrated that thi@redoxin

system is highly efficient in reducing inorganic lysulfides and
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protein persulfides. We found thiiioredoxin reductase [TrxR1) on
its own can use NADPH to reduce sulfane sulfur iggedHowever,
inclusion of thioredoxin 1(Trx1), but more so the relatively newly
discoveredsmall thioredoxin like protein of 14 kDARP14) in the
enzyme Kkinetic assays further increased polysulfaahel protein
persulfide reduction rates. In model cellular systgwhere different
components of the Trx machinery were knocked doRrgPerDP
revealed that TrxR1 and TRP14 are critical comptsen the
recovery of protein Cys residues from their perdalfderivatives. In
addition, we demonstrated that thNADPH-glutathione reductase-
glutaredoxin-GSH system can also efficiently reduce protein
persulfides and inorganic polysulfides. Finallylizing ProPerDP, we
provided evidence that théhioredoxin and glutathione systems
together orchestrate protein persulfide homeostasis/o, underlying
their pivotal roles in persulfide-mediated signansduction and
protection against oxidative stress.
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H2S - Based Anti-inflammatory drugs: lost and found in
Translation

John L. Wallace
University of Calgary, Calgary, Alberta, Canada & nifbe
Therapeutics, Toronto, Canada

There is a rapidly expanding body of evidence fopartant roles of
hydrogen sulfide in protecting against tissue jureducing
inflammation, and promoting repair. There is alsowgng evidence
that HS can be successfully exploited in drug developmeh$
synthesis and degradation are regulated in cirames of
inflammation and injury so as to promote repair aedestablish
homeostasis. Novel 43-releasing drugs exhibit enhanced anti-
inflammatory and pro-restorative effects, while ingv reduced
adverse effects in many tissuesSHs a pleiotropic mediator, having
effects on many elements in the inflammatory cas@adl promoting
the resolution of inflammation and injury. It alscontributes
significantly to mucosal defence in the gastroitited tract, and in
host defence against infection. There is stronglewe that novel,
H,S-based therapeutics are safe and effective inadmmodels, and
several are progressing through human trials. Aebeinderstanding
of the physiological and pathophysiological rolédHgS continues to
be restrained by the lack of simple, reliable mdthfmr measurement
of H,S synthesis, and the paucity of highly selectivieilitors of
enzymes that participate in endogenou$ Kynthesis. On the other
hand, HS donors show promise as therapeutics for sevaabritant
indications.
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Mitochondrial H ,S: a viable therapeutic opportunity?

Matthew Whiteman
University of Exeter Medical School, St. Luke’s @an) Exter, UK

Very recently several mitochondrial functions hdeen shown to be
regulated by hydrogen sulfide (H2S), including aklt respiration
where H2S is used by mitochondria as an inorgaleictren source.
Endogenous H2S is produced from mercaptopyruvate they
mitochondrial/cytosolic enzyme 3-mercaptopyruvatdustransferase
(3-MST) and intramitochondrial H2S production froBMST is
crucial for maintaining mitochondrial electron floand cellular
bioenergetics. At least two other enzymatic sourcbdH2S exist
within cells where it is formed from cysteine/homgsieine by
cystathionineB-synthase (CBS) and cystathionipérase (CSE)
located in the cytosol. However, under certain doomus, such as
oxidative stress, intracellular levels of H2S an8BECand 3-MST-
derived H2S are depleted and genetic or pharmaicalaghibition of
CSE or 3-MST renders cells/animals more prone tadative,
inflammation and mitochondrial damage. Several hucliseases are
associated with oxidative stress, mitochondrial fulystion and
impaired H2S bioavailability, notably diabetes, gesting improving
mitochondrial H2S bioavailability may represent avel therapeutic
strategy for disease treatment. Several slow releasor molecules
such as GYY4137 have been shown to protect theulaace in
animals (e.g. hypertension, atherosclerosis, mygaainfarction etc),
to inhibit or reverse inflammation (e.g. colitisthaitis etc) and in
isolated cells, protect mitochondria from oxidativgury. However,
high concentrations/doses are generally requinecesH2S generation
Is not targeted to where it is needed i.e. the chibadria. With these
observations in mind we have designed a serieowélrcompounds
to generate H2S within the mitochondria containidgferent
mitochondrial targeting motifs and H2S donor mastinotably AP39
and AP123, and novel second generation molecutescallaborated
extensively with many international groups to ewasduthe effect of
these compounds in vitro and in vivo. We have used
fluorescence/confocal microscopy to visualise nhitdrial H2S
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generation and tag-switch technology to determiniéahnondrial
persulfide formation from the donors and their sxtjye control
compounds. Under basal conditions in a varietyuwsh&éin and animal
cells, mitochondria-targeted H2S donors (0.1-200,rMt not control
compounds, stimulated cellular bioenergetics andP Afoduction.
Under various oxidative stress conditions (e.gucsdl by glucose
oxidase, peroxide, lipid peroxides, hypochloriteergxynitrite, p-
amyloid, hyperglycaemia, UV-light etc), mitochoradrdamage (e.g.
loss of Aym, oxidant production, mitochondrial DNA and protei
damage etc) were inhibited (0.1-300 nM). Mitochaaldprotection
was also observed with other donors such as GYY4L8%at notably
higher concentrations (>200 uM) presumably bec&lZ® generation
was not predominantly mitochondrial. With collabiora, we have
evaluated the efficacy of some mitochondria-taetf2S donors,
notably AP39, in rat, mouse and large animal modélsyocardial
and renal ischaemia-reperfusion injury, hypertamsiacute and
chronic inflammation, neurological injury post-cea arrest, UV-
light induced skin damage etc. Each study showsandndria-
targeted donors (but not respective controls) atgdable’ doses (e.g.
0.7-721 pg/kg) either inhibited or reversed thenpktgical phenotype
in each model. We are currently evaluating thecafly of AP39,
AP123 and second generation compounds in otheritcams where
mitochondrial dysfunction is a key pathological etvas collectively,
the above studies strongly suggest that mitochahdalivery of very
low doses of H2S is a viable therapeutic approactigating human
diseases. A snap shot of recent in vivo studielsbeipresented.
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Synthetic H,S Donors with Defined Release Mechanisms and
Tunable Release Rates

Michael D. Pluth

Department of Chemistry and Biochemistry; Institotélolecular
Biology; Materials Science Institute; University@fegon, Eugene,
USA

Hydrogen sulfide (b5) has emerged as an important small molecule
biosynthesized from enzymatic and non-enzymatibways, and has
joined carbon monoxide (CO) and nitric oxide (N& the third
endogenously produced gasotransmitter. One kestigeative tool in
understanding the multifaceted biological rolesHa6 has been the
development of syntheticJ3 donors, which release$l at controlled
release rates akin to enzymatigS-synthesis. In addition to providing
important research tools, such 31 donors also have high
pharmacological potential for treatment of diseasesompanied by
H.S mis-regulation. Key needs in developing such stooiclude
developing platforms that do not consume thiolsirduiH,S release
and scaffolds that can be triggered to releag® éh demand and in
response to an external stimulus. Motivated byehe=eds, we have
recently focused on developing new chemical strasedor HS
donation aligned with these requirements. Thisggion will focus
on newly-developed constructs that provide accessldaw-release
H.S donors with tunable release rates as well asrqadatdorms that
can be triggered by either endogenous or biorthalgiiggers.
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Hydrogen sulfide and Asthma

Rui Wang
Laurentian University, Sudbury, Canada

Asthma is a chronic inflammatory disease with hy@sponsive
bronchoconstriction and airway remodeling, leadilng extensive
airway narrowing. The most common type of asthmaallsrgic

asthma. It has been reported that allergic astsmaore common and
severe in children than in adults. An epidemiologiady in USA

(2001-2009) reported that asthma prevalence isfsigntly higher in

children (<18 years, 9.6%) than in adults (7.7%yan&la has
experienced the same higher asthma prevalence iidresh (4-11

years, ~16%) than in adults (~7%). An Europeanysincluding 9091

men and women at 29 centers from 14 countriessilewed that the
incidence of allergic asthma decreases signifigamith age.

Human lungs and airways do not fully develop uthtd 6" to 8" year

of life. During the early life, exposure to evenldnchemical irritants
can have significant effects on lung developmetiergy and allergic
triggers have lesser impact on the late-onset astHmhas been
proposed that reduced microbial exposure in ealfy is the
environmental cue for the shiftedyI/'Ty2 balance in the immune
system towards the pre-allergiZ response . Whether there is an
endogenous cue for the vulnerability to asthmahia ¢arly life is
unknown.

Our study tested the hypothesis that developmegntadgulated

cystathionine gamma-lyase expression ap8 production affect age-
dependent vulnerability and severity of allergichasa. With the

advancement of this project, we may develop a nleerapeutic

avenue by selectively supplementingSHo a young population that is
vulnerable to allergic asthma attack. (Supportedthy Canadian

Institutes of Health Research).
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Hydrogen sulfide: Antiviral and Anti-Inflammatory E ndogenous
Gasotransmitter in the Airways. Role in respiratory Syncytial
Virus Infection

Antonella Casola

Department of Pediatrics, Department of Microbigtp&ealy Center
for Vaccine Development, University of Texas MddiBeanch at
Galveston, USA

Background: Hydrogen sulfide (kB) is an endogenous gaseous
transmitter whose role in the pathophysiology ofesal lung diseases
has been increasingly appreciated. Our recent edudlivitro have
shown for the first time that 4 has an important antiviral and anti-
inflammatory activity in respiratory syncytial vBuRSV) infection,
the leading cause of bronchiolitis and viral pnearaon children (1).

Objectives:To evaluate the therapeutic potential of GYY413idpael
slow-releasing b5 donor, for prevention and treatment of RSV-
induced lung disease, as well as to investigatedlgeof endogenous
H.S in a mouse model of RSV infection.

Methods: 10-12 week-old BALB/c mice treated with GYY4137,
C57BL/6J wildtype control mice (WT), or C57BL/6Jarigenetically
deficient in the cystathioning-lyase enzyme (CSE KO), the major
H,S generating enzyme in the lung, were infected VR®BV and
assessed for viral replication, clinical disease,irway
hyperresponsiveness (AHR) and inflammatory respmonse further
determine the effects of exogenougSHionor, CSE KO and WT mice
were treated with GYY4137 and infected with RSV.

Results: Our results show that intranasal delivery of GY$41to
RSV-infected BALB/c mice significantly reduced Viraplication and
markedly improved clinical disease parameters amndmanary
dysfunction compared to vehicle treated controle protective effect
of H,S donor was associated with significant reductidnvioal-
induced proinflammatory mediators and lung cellulafiltrates.
Furthermore, CSE” mice showed significantly enhanced RSV-
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induced lung disease, viral replication and aggev&HR compared
to wild type animals. Administration of exogenougSHescued the
RSV-induced disease in CSE KO mice.

Conclusions: Overall our results indicate that,$l exerts a novel
antiviral and anti-inflammatory activity in the demt of RSV
infection and represents a potential novel pharogemal approach to
ameliorate viral-induced lung disease.

References:
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J.P., Coletta C., Szabo C., Rockx B., Garofalo,E&sola A. J
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Reduction of Highly Oxidizing Heme Redox Intermediges by HS
and its possible contributions to the Antioxidant Actions of H,S

Zoltan Palinkas
Department of Molecular Immunology and Toxicolodyational
Institute of Oncology, Budapest, Hungary

An increasing number of studies reported antioXidactions of
hydrogen sulfide in a variety of biological condits. Although some
Reactive Oxygen Species (ROS) react with sulfiderably (e.g. the
neutrophil oxidant hypochlorous acid oxidizgHwith a second order
rate constant close to the diffusion controlleditlikn= 2.3x109 M-1s-
1), we argued that due to the low endogenous frdfds levels
compared to protein thiols and glutathione, sulfideunlikely to
exhibit its antioxidant actions via direct scavempgiof ROS (1).
Instead, we proposed that sulfide’s antioxidanpprties are related to
regulating enzymatic functions (2). Persulfidatioediated protection
of functional and regulatory Cys residues is cleashe of these
processes (3).

Here we propose that reduction of highly oxidizihgme redox
intermediates is another pathway that contributegshe oxidative
stress alleviating actions of .8 The neutrophil oxidant
myeloperoxidase (MPO) is responsible for generapngmiscuous
oxidant species (like HOCI, chloramines and fredica species) to
kill invading pathogens. However, extracellularesde of these
oxidants and their unintentional production by wiating MPO was
associated with a plethora of inflammatory diseab@srestingly, in
conditions where active MPO was proposed to ach gsotagonist
(such as reperfusion injury, leukocyte adherenoeymatoid arthritis,
neurodegeneration, and in atherosclerosis), swiiae reported to be
protective. We here present our comprehensive ikiaealyses on the
reactions of sulfide with MPO redox intermediatee@ps (4). Our
data suggest that reduction of these enzyme fosma potential
biological protective mechanism in MPO-mediatedlaimimatory
conditions.
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In addition, here we present data on the favorabduction of
oxidized ferryl hemoglobin (ferryl-Hb) species bwlfgle. The
measured rate constants of sulfide with ferryl-tdbichtives represent
orders of magnitude faster reactions compared daeettof ferryl-Hb
with ascorbate and urate. This potentiates thatréaetion could
contribute to the observed protective actions £8 Hnder hemoglobin
induced oxidative stress (5). For example, sulfites beneficial
functions in the pathogenesis of atherosclerogisaf@ complication
of atherosclerotic lesions where associated withmerenduced
atheroma rupture, initiated by erythrocyte hemayeha(7). We
recently obtained evidence that some of sulfiddasraprotective
actions could be related to its intraplaque fekhkl- reducing
properties (8).
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Hydrogen sulfide Regulates Mycobacterium tuberculosis
Bioenergetics and Progression of Tuberculosis Disea

Vikram Saini
Departments of Microbiologgnd Free Radical Biology, University of
Alabama at Birmingham, Birmingham, USA

Tuberculosis (TB) is a chronic pulmonary diseasaised by
Mycobacterium tuberculosiMtb) that kills nearly 1.5 million people
annually (1). In the majority of infected individsaMtb persists in a
clinically asymptomatic latent state for years amdb-10% of those
infected, it reactivates to cause active TB diseRgeent studies have
linked intracellular gases such as carbon monox@®@) and nitric
oxide (NO) to the induction of TB latency (2,3,4ydrogen sulfide
(H2S) shares several biological functions with CO & and also
plays critical roles in various pathophysiologipabcesses. However,
it is unknown whether H2S impacts the outcomd/ds infection and
TB disease. We hypothesized that host-derive8 khfluences the
intracellular survival oMtb by altering its metabolic and bioenergetic
functions. To test this hypothesis, we used higolgion
respirometry to measure bioenergetic functionsMib following
exposure to b5 and performed infection studies inS4deficient
mice. In vitro studies revealed that exposure Mfb to H,S its
increases growth, ATP levels and oxygen consumptte RNA-seq-
based transcriptomic analysis showed that expostfdtb to low
levels of HS upregulates several genes associated with doynaac
virulence of Mtb during chronic infection. Further investigation
showed that kB facilitates rapid entry into hypoxia-induced tatg
and increased survival upon re-aeration, and th& ptotectsMtb
against oxidative stress. To determine the relexasfcourin vitro
findings, we infected cystathioninfgsynthase Cbg knockout mice
deficient in BHS production. Compared to wild type control animals
Cbs” mice exhibited lower bacillary burden and lessgluissue
damage at multiple time points post-infection. Aclbogly, the
median survival of Mtb-infected Cbs”™ mice was significantly
increased compared to wild type. Further, immunickiganalysis
revealed reduced Th2 cytokine responselltinrinfectedCbs” mice.
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Collectively, our findings establish a novel pagadi whereby a
gaseous signaling molecule,,$] stimulatesMtb proliferation to
promote disease. These findings have important icajpbns for
understanding howitb enters, maintains and emerges from a latent
infection, and point to CBS as a potential hoséclied therapeutic
target.

V.S. received a Senior Research Training fellowshipm the

American Lung Association. A.J.C.S. (NIH grants 38131 and

Al076389) is a Burroughs Wellcome Investigator hie Pathogenesis
of Infectious Diseases.
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Hydrogen sulfide as new player of Amyotrophic Lateal Sclerosis

Viviana Greco
Proteomics and Metabonomics Laboratory, Santa Lim@andation,
Rome, Italy

By introducing hydrogen sulphide £8) as an endogenously
generated neuromodulator, a large body of datataheuole of HS
has been accumulated. To date contrasting hypareserge about
its function in the nervous system. Our recent gataved poisonous
levels of BS in cerebrospinal fluid of patients with Amyothop
Lateral Sclerosis (ALS) and in the familial ALS nsgsu model
SODI%**(1). ALS is a lethal disease characterized by ajpessive
motor neuron degeneration. Many etiologic factoms @nplicated,
such as glial inflammation, excitotoxicity and toxaccumulation by
misfolded proteins. However, it is accepted that savere
mitochondrial dysfunction leads to an unavoidabéronal death.
H,S is mainly produced in the brain by astrocytes amdroglia
through the cystathioningsynthase (CBS), a cytoplasmatic enzyme
that accumulates in mitochondria under oxygen sgastonditions.
H.S inhibits complex IV of the mitochondrial respoat chain; on the
other side impairments in the complex IV-drive iegon have been
described in SODT** mice.

Therefore, the aim of this study is to further weiahe complexity of
H.S metabolism andhe molecular mechanisms through whichSH
could contribute to the ALS-related neurodegenenati

We developed specific HPLC test to measus8 Hevels in tissues and
in spinal cord cultures of SOB¥*mice. In order to highlight the key
pathways and the putative protein-protein intecerstj deeper
untargeted and targeted proteomics analysis weréorped on
neuronal tissues derived from SOBY mice at different
developmental/disease stages. Differential proégijoression of total
protein extracts and mitochondrial enriched fratdiovere evaluated.
We looked putative dysregulated biological procedstked to HS
metabolism between the cytosolic and mitochondr@hpartments.
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We focused on key proteins that are directly affedty BS and that
could be relevant for ALS such as GADPH and aatim;the other
side, we focused on ALS proteins with reactive eyt that may be
regulated by b5 such as mitochondrial complex subunits and SOD1.
Our data show that the increasegSHamount in ALS could further
distress an already compromised mitochondrial fonctH,S toxic
effects seem to associate with phenotype developmeALS. Our
study introduces $$ as a new player to the cohort of pro-
inflammatory/degenerative factors that could beoined in the
etiology of ALS.
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Dysregulated ATF4 regulation and imbalanced Redox
Homeostasis caused by Cysteine Stress mediates
Neurodegeneration in Huntington’s disease

Bindu Diana Paul
The Johns Hopkins University School of MedicindjndoHopkins
University, Baltimore, USA

Huntington’s disease is a neurodegenerative disaturacterized by
expansion of polyglutamine repeats in the proteintimgtin. Mutant

huntingtin causes widespread damage leading taatelévoxidative
stress, motor and cognitive dysfunction. We hawevipusly shown
that cystathionine gamma lyase (CSE), the biosywtlezyme for

cysteine, is depleted in HD and mediates diseasgrg@ssion by
altering redox homeostasis. Cysteine, being a coeo of the

endogenous antioxidant glutathione and the precwkthe gaseous
signaling molecule hydrogen sulfide plays a cemnold in mitigating

redox imbalance in cells. Sequestration of SP1{rdrescription factor
for basal CSE expression, by mutant huntingtiregponsible for this
decline. Here, we report that activating transaiptfactor 4 (ATF4),

the master regulator of amino acid biosyntheticyares including

CSE under nutrient stress is dysfunctional in Hugibin’s disease.

This abnormality results from chronic oxidativeesg caused by
“cysteine stress” as result of CSE depletion. Mitigg oxidative
imbalance by antioxidants rescues the protectivespamrse
mechanisms to stress. Our findings reveal the mtdedasis for the
decline in protective pathways during neurodegditara in

Huntington’s disease.
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Endogenous sulfide Regulation of Arterial VasculaRemodeling

Chris Keuvil
Department of Pathology, LSU Health Sciences Ce&tereveport,
USA

Arterial vascular remodeling occurs in responsdifi@rent stimuli in

order to maintain vascular tone and blood flow. gewmous hydrogen
sulfide has been reported to modulate vascular trawd remodeling
under several conditions. However, the importantesrmogenous
sulfide regulation of arterial vascular remodelingmains poorly
understood. Our group examined arterial vasculangges in two
different experimental models with increased omréased blood flow
in wild type and CSE knockout mice. Initial studwsre performed
using the femoral artery ligation (FAL) model, waby blood flow is

increased across gracillis collateral arteries. @@Betic deficiency
significantly blunted FAL mediated arteriogenesigyacillis arteries
resulting in abnormal restoration of hind limb rgpsion over time.
Deficiency of CSE blunted FAL mediated monocyte/ropbage

recruitment, which is a key cellular mediator akaingenesis activity.
Importantly, diallyl trisulfide (DATS) therapy resed FAL dependent
arteriogenesis and monocyte recruitment in CSEciefi mice.

Arterial remodeling changes were next examinedhédartial carotid
ligation model resulting in low oscillatory blootbw. Partial carotid
ligation of the left carotid artery reduced blodoMf similarly in both

wild type and CSE knockout mice. However, mediatkéning and

luminal narrowing occurred normally in wild typetbuas blunted in
CSE deficient mice. Importantly, monocyte infilicat of the left

carotid artery was completely blunted in CSE defiticompared to
wild type mice. These changes were associated wébreased
endothelial cell inflammatory activation and augteencarotid vessel
nitric oxide metabolite levels. Together, thesediiiys reveal a
complex and critical role of endogenous sulfide abhetism and CSE
expression in regulating monocyte/macrophage degendrterial

remodeling.
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Nutrient Restriction Triggers Angiogenesis via reglation of
Endogenous HS Production

James Mitchell
Department of Genetics and Complex Diseases, Hdr¥ad. Chan
School of Public Health, Harvard, USA

Angiogenesis, the formation of new blood vesselgfyothelial cells
(ECs), is an adaptive response to tissue ischemuhestrated by
vascular endothelial growth factor (VEGF) upon edsscclusion,
exercise or tumor growth. Hypoxia is the best-ustierd trigger of
VEGF expression via the transcription factor Hifpha. Nutrient
deprivation is inseparable from hypoxia upon isciaeryet its role in
angiogenesis is poorly characterized. Here, we rtefhmat dietary
sulfur amino acid restriction in mice promoted neapillary growth
in skeletal muscle independent of hypoxia or Hiphal but instead
requiring the amino acid-sensing elF2alpha kinaseN& and the
transcription factor ATF4. GCNZ2/ATF4 activation reased
cystathionine-gamma-lyase expression and pro-aegioghydrogen
sulfide (H:S) production. Amino acid restriction is thus a poful

trigger of angiogenesis independent of hypoxia.
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Protection against Ischemia/reperfusion Injury by HS donors:
the Role of Mitochondria

Athanasia Chatzianastasiou
Faculty of Pharmacy, National and Kapodistrian Usisity of Athens,
Athens, Greece

Hydrogen sulfide (kS) is a new signaling molecule with important
effects in the cardiovascular system. In the bleessels, KIS reduces
smooth muscle tone and promotes angiogenesis. erhéart, HS
exerts cardioprotective effects by reducing apaptosimiting
oxidative stress and preventing structural chargas develop with
heart failure. To harness the therapeutic potenfi&l,S, a number of
H.S donors have been developed; these agents diffee irate of b5
release, as well as in the sub-cellular compartnrenthich HS is
released. We have previously shown thg® ldalts (NaHS and N8),
GYY4137 (a slowly releasing agent), thiovaline (andr with
intermediate KIS releasing rate) and AP39 (a mitochondrial-taete
H.S donor) all reduce infarct after LAD ligation tppaoximately the
same extent. We observed that the effects gSNhut not those of
AP39, are associated with enhanced eNOS-phosphorylaon
Serll7e6.

In line with these observations, herein we repaat administration of
the endothelial nitric oxide synthase (eNOS) inoibiN-nitro-L-
arginine-methyl-ester (L-NAME) reversed the infaiotiting effects
of N&S in ischemia-reperfusion (I/R) injury (infarctki@rea 17.8+
1.8% for NaS vs 32.9+ 2.4% for LNAME+N&), while the
cardioprotective effects of GYY-4137, thiovalinedaAP39 were not
affected by NOS inhibition. Treatment of animalghathis NaS lead
to enhanced vasodilator-stimulated phosphoproteiVASP)
phosphorylation, a marker of cGMP-dependent proteiase (PKG)
activation. The protective effect of & was limited by the PKG
inhibitor DT-2 (29.9 + 1.8% for DT-2 + N8). In contrast, we did not
observe VASP phosphorylation on Ser239 after AR®8, was the
infarct-limiting effect of AP39 affected by PKG iftition (16.5+
2.3% vs 14.4+ 3.7% for AP39 and DT-2 + AP39).
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Opening of the mitochondrial permeability transitipore (MPTP) is
considered to be a major cause of cell death imersca-reperfusion
injury of the heart. Therefore, we tested the é¢ffed NaS and AP39
in mice lacking cyclophilin-D (CyD), a key regulatof mPTP. CyD
knockout mice exhibited smaller infarcts after LAGation compared
to wild-type mice (39.2+1.8% vs 17.7+2.2% for wiigpe and CyD
KO, respectively). Administration of both b& and AP39 further
reduced infarct size in CyD KO animals (8.9+3.1%10s4+3.6% for
NaS and AP39), suggesting that the cardioprotecti@y ttonfer is
CyD-independent. To test if 3 produced from N&, GYY4137 and
AP39 exerts direct effects on mitochondria, we eatld the Cd
retention capacity of isolated heart mitochondaliofving a series of
Cd" pulses in the absence of presence of cyclospérif@sA) and
increasing HS donors concentrations. In these experiments we
observed that N& (40nM-4@M) and GYY4137 (10-3Q@M) did not
alter C&* uptake by mitochondria, while AP39 (300nM) sigcaftly
increased the mitochondrial €aretention capacity, both in the
absence and in the presence of CsA.

We conclude that N& limits infarct size in a NO/cGMP/PKG-
dependent pathway; h& does not appear to have a direct affect on
mitochondrial  function. In contrast, the NO-indegent
cardioprotection exhibited by AP39 could result nfroa direct
inhibitory effect on mPTP opening, acting at a diféerent than CyD.
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Hydrogen sulfide Mitigates Myocardial Infarction via Promotion
of Mitochondrial Biogenesis-Dependent M2 Polarizabn of
Macrophages

Lei Miao
Department of Pharmacology, School of Pharmacy brstitutes of
Biomedical Sciences, Fudan University, Shanghain&h

Macrophages are of key importance for tissue regféar myocardial
infarction (MI) (1, 4), activation (polarizationf snacrophages results
in the generation of classically activated (M1) aalternatively
activated (M2) subsets which exhibit distinct aalhrker expression
and diverse immunological functions (5). Hydrogeifide (H2S) has
been shown to exert cardioprotective effects in(®13). However,
the mechanisms by which,8 modulates cardiac remodeling and
repair post-MI remain to be clarified. In our currestudy, we show
H.S supplementation ameliorated pathological remnodeliand
dysfunction post-Ml in WT and CSE-KO mice, resuitiim decreased
infarct size and mortality, accompanied by an iasesin the number
of M2-polarized macrophages at the early stage af Strikingly,
adoptive transfer of NaSH-treated BMMs into WT &8E-KO mice
with depleted macrophages also ameliorated MI-iaducardiac
functional deterioration. Further mechanistic sasdiemonstrated that
NaSH-induced M2 polarization was achieved by enédnc
mitochondrial biogenesis and fatty acid oxidatiGi\@). Our study
shows, for the first time, that 8 may have the potential as a
therapeutic agent for MiIvia promotion of M2 macrophage
polarization.
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Molecular Mechanism of H:S-Induced Cardioprotection

Qutuba Karwi
School of Pharmacy and Pharmaceutical Sciencesji@asniversity,
Cardiff, UK

Hydrogen sulfide (bS) plays roles in cardiovascular homeostasis and
disease. Several studies have investigated a pratesffect of HS
against myocardial ischaemia-reperfusion injury,t mo clear
mechanism has been identified. Part of the incteisy in
experimental findings is related to the use of aipist inorganic
sulfide salts to generate,8&l but these may trigger off-target effects.
Moreover, HS was delivered in dosing regimens which are dihyc
irrelevant. Taken together, the molecular mechanignwhich BS
induces cardioprotection and the cellular compantsiévolved still
need further investigation in clinically relevanbdels and regimens.
In the present study, we investigated the moledalayets of two biS
donors (GYY4137, a slow-releasing,$ donor, and AP39(1), a
mitochondria-targeting 6 donor) in an in vivo model of myocardial
ischaemia-reperfusion injury. Thiobutabarbital-asthetised male rats
were subjected to 30 minutes of coronary arteryusgan followed by
reperfusion for 120 minutes. Infarct size measubgdtetrazolium
staining is reported as a percentage of arealatAgministration of
both HS donors (226 pmol/kg for GYY4137 and 1pmol/kgAdt39)
significantly limited infarct size when given 10 motes before
reperfusion. Neither compound had any significarifecé on
haemodynamics. Decomposed GYY4137, (synthesizatessribed)
(2) had no effect on either infarct size or haenmaahyics. Similarly,
equal doses of AP39 controls consisting of the chibmdria-targeting
moiety (AP219J or the HS releasing moiety (ADT-OH) (3)exerted
any infarct limitation. Concomitant administration the constitutive
nitric oxide synthase (eNOS) inhibitor N-nitro-Lgamine-methyl-
ester (L-NAME) with GYY4137 attenuated its cardiogaction, but
did not abrogate it. The PI3K inhibitor (LY29400Zpmpletely
abolished GYY4137-induced cardioprotection. Intengty, AP39-
induced cardioprotection was not abrogated by eithdNdAME,
LY294002 or selective guanylyl cyclase inhibitor QD
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Western blot analysis of myocardium harvested iyea@perfusion
showed that GYY4137 increased S&kkt phosphorylation. There
was also partial dependency of GYY4137 cardioptaitacon NO
availability as Sér’eNOS phosphorylation was increased by
GYY4137. This increase was abolished by both L-NAMBd
LY294002. GYY4137 also increased %®BK phosphorylation
inhibiting its activity at early reperfusion. Howamy GSK
phosphorylation was abrogated by LY294002 or L-NAMEere was
no significant difference in ERK1/2 phosphorylation GYY4137
treated heart at early reperfusion. In sharp cehttaeatment with
AP39 had no significant effect on either Akt, eNOGSK-33 or
ERK1/2 activation/activity at early reperfusion.

These data suggest that slow release ¢ ldt early reperfusion
protects that heart against myocardial reperfugiqury resulting in
infarct limitation. GYY4137 activates PI3K/Akt/eN@8O-dependent
signaling pathway at reperfusion and inhibits thevay of GSK-33.
Accordingly, it seems plausible that GYY4137 atates the
susceptibility of mitochondrial permeability tratish pore opening at
early reperfusion. We also saw that in contrastGi6Y4137, the
infarct limiting effect of AP39 at reperfusion isdependent of
cytosolic signaling e.g. without detectable PI3KI/&KNOS/NO
involvement, further supporting the notion thatlitectly targets the
mitochondria (2-4). We are currently further chaeazation the
cardioprotective mechanism(s) of GYY4137 and APS@gi different
subpopulations of myocardial mitochondria, namsbfsarcolemmal
and interfibrillar mitochondria.

References:

1. Alexander et al. MedChemCommun. 2015;6:1649-55.
2. Szczesny et al. Nitric Oxide 2014;41:120-130.

3. Tomasova et al. Nitric Oxide 2015;46:131-44.

4. Ikeda et al. Nitric Oxide 2015;49:90-6.

42



Hydrogen sulfide and Cancer: pathomechanisms and #rapeutic
opportunities

Csaba Szabo
Department of Anesthesiology, University of Texaslibal Branch,
Galveston, USA

In various forms of cancer (including colorectabavvarian cancer),
increased production of hydrogen sulfide$jfrom cystathioning-
synthase (CBS) plays an important role in promotioglular
bioenergetics, proliferation and migration. Pharatagical inhibition
or genetic silencing of CBS exerts antitumor efant vitro andin
vivo, and potentiates the efficacy of current standdrdare
anticancer therapeutics. In the current presemtatecently published
studies will be overviewed documenting a criticaler for CBS-
dependent kB production in cancer cell proliferation and
tumorigenesis, and molecular mechanisms will begireed by which
H,S provides a pro-tumor-growth environment. Nexg, skate-of-the-
art of CBS inhibition will be discussed, includinttpe complex
pharmacology of aminooxyacetic acid, which includles inhibition
of CBS, as well as the inhibition of several otltP (pyridoxal
phosphate) dependent enzymes. Finally, a novel npeutical
strategy will be presented, which enhances thaileelluptake, the
cell-based antiproliferative efficacy and the irosiantitumor potency
of AOAA via the prodrug approach.
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Involvement of Hydrogen sulfide Pathway in Human Méanoma
Development and Progression

Angela lanaro
Department of Pharmacy, University of Naples Feuteri, Naples,
Italy

Melanoma is the most common form of skin canceve@iits high
mortality, the interest in the search of preventiveasures is growing
significantly. Hydrogen sulfide (%) is a gaseous signaling molecule
that plays important roles in a variety of biolagiéunctions in health
and disease (Paul & Snyder, 2015). Emerging daiaate that KIS is
also involved in the regulation of tumor cell bigio(Hellmich MR,
Szabo C. 2015). However, the effects obSHon cancer are
controversial and still unclear. It has been shahat HS induces
DNA damage and alter cell cycle in various mamnmmalizells.
Endogenously produced or exogenously releas&lhds a role in the
accumulation or proliferation of cells and furtheray provide the
fundamentals for development of a novel therapeapproach in
conditions associated with uncontrolled cell gro@laskar and Bian,
2011). However, the potential biological and clalisignificance of
H,S are subject of intense debate in recent years despite
considerable progress in our understanding aba&, khuch still
needs to be learned about their production at iteeo$ tissue injury
and its downstream signaling pathways on cell gnowit is also
important to emphasize that in the recent liteeatifferent roles have
been attributed in several types of cancer to C8$+dd HS and to
CSE-derived HS. Moreover many of the biological responses 18 H
follow a biphasic dose-response: while low conadians of HS are
responsible of physiological and cytoprotective eeti§, high
concentrations result cytotoxic (Szabo, 2016). Wereh recently
demonstrated that the metabolic pathway I-cyst€8&/HS is
involved in human melanoma progression and thaurabhtand
synthetic HS releasing agents display anti-tumoral effect {Raet
al., 2015). Our results establishS4donors as new potential agents in
the treatment of human metastatic melanoma ancdesept a very
promising strategy to improve the fight againstaean
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Inflammatory bowel diseases (IBDs) are consideragbnrisk factors
for colorectal cancer (Eaden et al., 2001). Sewvevalences link ES
to colonic nociception, IBD and colorectal cancdihe exact
mechanisms and pathways by whichSHexerts its multitude of
effects are not yet fully understood, but its imeshent in
physiological and pathophysiological conditions tbfe colon is
becoming evident and several studies support thierdlammatory
activity of H,S in experimental colitis (Xu et al., 2005; Fioruetal.,
2007; Wallace et al., 2009). We have also invesigen the role of
H.S during the pathogenesis of colitis-associatedaramduced by
infection with the intestinal bactertdelicobacter hepaticugHh). The
results of our study demonstrate that both enzynege constitutively
expressed in the colon of healthy mice and that Q&% not CSE,
was significantly reduced during colitis developiten

In conclusion, our findings point towards a protextrole of HBS in

inflammatory based model of cancer and identifyeav nppromising
strategy to improve the fight against this terribieease.
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Targeting the Bile Acid activated Receptors Gaseoustransmitter
axes in the Splanchnic and Systemic Circulation ithe Treatment
of Liver and Metabolic Disorders

Stefano Fiorucci
Department of Surgical and Biomedical Sciences, véisity of
Perugia, Perugia, Italy

Cystationine ¥-liase (CSE) is a key regulatory enzyme in the
biosynthetic pathway that lead to generation of rogdn sulfide
(H2S). CSE is highly expressed in the portal and systeirculation
suggesting a role for 43 in the regulation of both portal and systemic
circulation. Nevertheless, molecular mechanismg tbgulate CSE
activity are still poorly defined. Bile acids adied receptors are a
family of nuclear (FXR, PXR, LXR and VDR) and G pgm coupled
receptors (GPBAR1) highly expressed in entero-hepesues and
vascular tissues that are activated by bile aci#smary and
secondary bile acids circulate in portal flow andtemic circulation
providing a mechanism of regulation for CSE. A nembf evidence
support the notion that both FXR and GPBAR1 arelved in the
regulation of gaseous vasodilators in the portatl aystemic
circulation, providing a connecting food ingestiomntestinal
microbiota and host metabolism to the vascular esyst This
regulation appears to be altered in liver diseasesributing to portal
hypertension and systemic vasodilation observed cimrhosis.
Additionally, bile acids increase their systemicncentration after
feeding, suggesting a putative role for these ntedian post-prandial
splanchnic and systemic vasodilation.

The review will also include data from clinical dies demonstrating
that administration of FXR and GPBARL1 ligands miglffiect mean
arterial pressure in patients with liver steatosisd metabolic
syndrome.
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Vascular Effects of p-Carboxyphenyl-Isothiocyanatea novel HS-
donor

Alma Martelli
Department of Pharmacy, University of Pisa, Pisalyl

Hydrogen sulfide (kKS), is a pivotal mediator in cardiovascular
physiology. This gasotransmitter evokes vasoretpefiiects through
different mechanisms of action, such as the inioibit of
phosphodiesterases and activation of vascular KA Kv7
potassium channels. Indeed, impaired productidi,8fcontributes to
the pathogenesis of important cardiovascular dexsrdl). Therefore,
exogenous compounds, acting asSHeleasing agents, are viewed as
promising therapeutic agents for cardiovasculaeatiss. This work
aimed at evaluating the ,B-releasing properties of the p-
Carboxyphenyl-Isothiocyanate (PhNCS-COOH) deriatiand its
vascular effects.

H.S release was first determined by the amperomapproach and
unequivocally confirmed by gas chromatography/mssectrometry.
Unlike NaHS, a fast pB-donor widely used in the laboratory but
unsuitable for clinical use, PhNCS-COOH exhibitedslaw HS-
releasing profile, similar to the slow-releasingference drugs
diallyldisulfide (DADS) and GYY4137. t& release from PhNCS-
COOH occurred only in the presence of an exceds@ysteine: this
thiol-dependency has been viewed as a particuladyantageous
property, because it allows this compound to reddsS only in a
biological environment. The vascular activity of NBS-COOH was
tested in rat aorta and coronary arteries. Like SlaPFhNCS-COOH
displayed concentration-dependent vasorelaxing ctsffe on
endothelium-denuded rat aortic rings. These effeet® significantly
antagonized by the Kv7 blocker XE991. PhNCS-COGd6 ahhibited
the vasoconstricting effect of noradrenaline (NAyjth greater
potency than NaHS.

In addition, the isothiocyanate derivative increadmsal coronary
flow similarly to NaHS. Furthermore PhNCS-COOH wa®ore
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effective than NaHS in counteracting the coronaagoconstriction
induced by angiotensin II.

Since HS is known to hyperpolarize vascular smooth mudule
activating Karp and Kv7 channels (1,2), we evaluated its effentthe

membrane potential of human aortic smooth musdle gdASMC)

using a membrane potential sensitive fluorescerd. dyike the
reference Kv7 activator Retigabine, PANCS-COOH edo& marked
hyperpolarization, largely due to the activatiorkef/ channels (3).

In conclusion, PANCS-COOH can be viewed as a netalde slow
H,S-releasing drug, endowed with vasorelaxing effaggscal of the
endogenous gasotransmitter. PhANCS-COOH might bdogewb as a
novel chemical tool in basic studies and in theettlgyment of original
drugs in cardiovascular diseases.
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The activity of the sulfide oxidation pathway finetunes cellular
affinity for oxygen

Frederic Bouillaud
Paris Descartes Universitylnsitute Cochin Research Centre, Paris,
France

Sulfide is oxidized by a sulfide quinone reductdS€R) and is a
genuine mitochondrial substrate, which yields etet to respiratory
chain arriving ultimately at cytochrome oxidase vehéhey combine
with oxygen to generate water (1). In additionfidelis also a strong
inhibitor of this cytochrome oxidase, similar toetlother gaseous
transmitters NO, CO or to cyanide. Low concentraiof sulfide are
quickly eliminated by SQR (2). In contrast, when Ifide
concentration increases and reaches the low midesm@nge
mitochondrial respiration is inhibited (3).

Endogenous sulfide releasing rates have differenigins
(transsulfuration pathway, cysteine metabolism, uctigle sulfur
metabolism of the gut microbiota). Hence the finahcentration of
sulfide reflects the balance between sulfide rabgasand sulfide
consuming reactions. When compared to other metalfbixes
sulfide release/oxidation appears of modest intgnsiowever, if
sulfide release is unchecked the inhibiting conedian may appear
in tissues within few dozens of seconds. SQR antbamondrial
respiration constitute the major sulfide sink. Gameently, sulfide
inhibits its own elimination. This is the basis afpositive feedback
loop that could accelerate greatly the establishnuénrespiratory
inhibition when sulfide release exceeds eliminafaxidation) rate.

In addition to its dependence on sulfide conceianathe sulfide
oxidation pathway is dependent on oxygen. Consdtyiere aimed
to evaluate if and how sulfide release and oxidatrapacts on the
cellular affinity for oxygen. In agreement with asitive feedback
mechanism when sulfide delivery approaches the mmaxisulfide
oxidation rate cells become exquisitely dependent axygen
availability. The balance between sulfide-releasiagd sulfide-
oxidizing rates is the relevant parameter rathentithe absolute
values of these rates.
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Conclusions:i) within the context of continuous release of selfid
stemming from cellular metabolism, alterations he tctivity of the
sulfide oxidation pathway fine-tunes the cell'sirafly for oxygen,
and;ii) a decrease in the expression of the sulfide oxidgiathway
(SQR) greatly enhances the cell's dependence ongeoxy
concentration. The relevance of this mechanism Hothoxygen
detection and for the control of oxygen usage/ditin within tissues
should now be considered.
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Hydrogen sulfide inhibits RANGE Toxicity through reducing its
dimer formation

Jin-Song Bian
Department of Pharmacology, Yong Loo Lin SchoolM#fdicine,
National University of Singapore, Singapore

Advanced glycation end products (AGEs) are impdarfactors for
developing or worsening many degenerative humaeades. We
previously reported that hydrogen sulfide.@jireduces the formation
of AGEs and their subsequent harmful effects innbealls (1). The
present study was designed to investigate thetedfdd,S on stability

of the receptor for AGE (RAGE). We found that NaH®-100 uM,
30 min) produced protective effects againsOHor AB;.4rinduced
cytotoxicity in SHSY-5Y cells expressing RAGE. Twma@nt with
NaHS also significantly reducedpAs—induced cellular senescence.
Western blotting analysis showed that treatmenh wither HO, or
ABi.42 upregulated expression of RAGE, and this effects wa
significantly attenuated by either pretreatmenthwiaHS or over-
expression of cystathioning-synthase (CBS), an enzyme for
endogenously producing .8 in brain cells. Moreover, NaHS also
abolished HO,-enhanced RAGE dimerization in transfected HEK293
cells. To confirm this effect, we employed a splEFP
complementation strategy that enables direct observ of protein
interactions in the ER. We found that3Hreduced RAGE expression
in the plasma membrane. The cysteine residues (@a89C310) in
the C2 domain of RAGE are responsible for forminge t
intermolecular disulfide bonds (2). To study the chanism
underlying the effect of }% on RAGE trafficking, the two cysteine
residues were mutated to serine (C259S/C310S, DMHRA
Treatment with HO, also increased the expression of DM-RAGE in
HEK293 cells. However, both endogenous and exogeapplication

of H,S failed to reverse this effect. Immunofluorescemclysis
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demonstrated that J@, upregulated the expression of WT-RAGE on
cell membrane. Treatment with NaHS attenuated tleete of HO,

on WT-RAGE. Moreover, NaHS at 10-100 pM induced S-
sulfhydration on WT-RAGE in a dose-dependent manaed this
effect was absent in DM-RAGE. These data suggedtNlaHS may
induce S-sulfhydration of RAGE at C259/C310 resgdard therefore
prevent formation of the double-disulfide-linkedndiric structure of
RAGE. Since RAGE dimerization in the ER is criticlr its
biogenesis, we studied the effect ofSHon the stability of RAGE.
Cycloheximide chase and ubiquitination assays statlvat the half
life of DM-RAGE was markedly shorter than that of TVRAGE.
NaHS reduced the half-life of WT-RAGE but not tlohtDM-RAGE.
Taken together, our data suggest thab Heduces the formation of
RAGE dimer and impairs its stability. The loweredembrane
abundance of RAGE therefore helps to protect @@inst various
RAGE mediated pathological effects.
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Inhibition of H ,S Biosynthesis Sensitizes Lung Adenocarcinoma
Cells to Genotoxic Agents

Bartosz Szczesny
University of Texas Medical Branch, DepartmentAnésthesiology,
Surgery, Galveston, USA

Increasing experimental evidence supports the méatipn of
endogenous hydrogen sulfide ,&) levels as a novel therapeutic
approach for treating a variety of solid tumors. Néwe reported that
inhibition or depletion of KS-producting enzyme, cystathionine beta-
synthase (CBS), reduces the proliferation of cobtamcer cells in
culture and tumor growth in vivo (1). The importan€BS in ovarian
cancer (2) and the role of another,S-generating enzyme,
cystathionine gamma lyase (CSE) in melanomas (8) dlso been
reported. However, the molecular mechanisms uniderlythe
tumorpromoting effects of this gaseous transméteronly beginning
to be elucidated. Here we report, for a first tirleat human lung
adenocarcinomas aberrantly express higher leveBB& and CSE as
well as a third HS-generating enzyme, 3-mercaptopyruvate
sulfurtransferase (3-MST), than patient-matchedmabrlung tissue
adjacent to the tumor.

Similarly, overexpression of these enzymes wasctkdden the human
lung adenocarcinoma-derived cell lines (A549 an®44), but not in
the normal lung epithelial cell line, BEAS2B. Usihgth inhibitors of
H.S biosynthesis and selective gene silencing, wewstiothat
collectively all three enzymes contribute to inae BS production
by the lung cancer cells and tumor tissue, whenpeoad to the
normal controls. We found that enhancegkroduction by A549 and
H1944 cells regulates mitochondrial (mt) DNA repdint not nuclear
DNA repair. Importantly, the increased endogenoS production by
the lung cancer cells has beneficial effect cellu@oenergetics,
viability, migration, invasiveness and survival. rWersely,
pharmacological inhibition of the J3-generating enzymes sensitizes
lung cancer cells to chemotherapeutic drugs viaudtidn of
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mitochondrial dysfunction, which, in turn, triggexancer cell death in
culture and reduced human tumor xenograft growthinimune-
compromised mice. Lung cancer is the leading catisancer deaths
worldwide.

The data presented here support the developmerdved therapeutic
strategies targeting 43 biosynthesis for the treatment of patient with
advance lung adenocarcinoma.
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Hydrogen sulfide Attenuates Cisplatin-induced Nephotoxicity
without Compromising its Anti-cancer Benefit

Xu Cao
Department of Pharmacology, Yong Loo Lin SchoolM&dicine,
National University of Singapore, Singapore

Cisplatin is a major therapeutic drug to treat dsokumors.
Unfortunately, the clinical usage is limited by i$g®vere adverse
effects like nephrotoxicity. The mechanisms of E8p-induced
nephrotoxicity involve activation of mitogen-actied protein kinase
(MAPK) related mitochondrial apoptosis and endampi@sreticulum
(ER) stress. This study was designed to investigdiether hydrogen
sulfide (HS, an endogenous mediator) can prevent cispladineied
nephrotoxicity and to study the underlying mechami$Ve found in
the present study that NaHS, ampSHdonor, largely attenuated
cisplatin-induced cell injury in renal proximal wlke (RPT) cells.
NaHS reversed cisplatin-induced cleavage of caspasel caspase 3.
This effect implies that $$ may suppress cisplatin-mediated
mitochondrial apoptotic pathway. In addition, NaBlSo inhibited the
activation of caspase 12, suggesting the alleabioER stress. Our
study also demonstrated that the beneficial effedftsH,S were
mediated by the suppression of cisplatin-inducedP{Aactivation in
RPT cells. Interestingly, we did not observe a kineffect of HS in
several cancer cell lines. In conclusion, our dimonstrated for the
first time that HS may alleviate cisplatin-induced nephrotoxicity
without affecting its chemotherapeutic benefitsp@ession of both
mitochondrial apoptosis and ER stress in RPT eedy contribute to
its protective effects against nephrotoxicity. ThHsS may have the
potential value to reduce the adverse effects @nuatherapy in
cancer.
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Sulfide-resistant Bacterial Respiration: a New Role for
Cytochrome bd Oxidase

Alessandro Giuffré
CNR Institute of Molecular Biology and Pathologgnie, Italy

Many prokaryotic species code for orthologs of ti@mmalian HS-
synthesizing enzymes and generateS Hthrough amino acid
metabolism and dissimilatory sulfate reduction Y1;Phe intestinal
microbiota, particularly abundant in the colon, fasy been known to
represent a major source ofFin the human gut, where particularly
high sulfide levels are reached. Since it is walbkn that sulfide is a
potent inhibitor of respiratory oxidases, such agochondrial
cytochrome c oxidase (3), we raised the hypothésisin sulfide-rich
environments, like our gut, bacteria can accomp{@dependent
respiration due to sulfide-insensitive oxidases [4e hypothesis was
tested on Escherichia coli, that has three regpyatxidases, the
heme-copper bo3 enzyme and two bd oxidases (5). bthg/pe
oxidases are prokaryotic enzymes that are unrekatdteme-copper
oxidases and were reported to both promote bakttaridence and
confer resistance to oxidative/nitrosative strés%)( Working on the
isolated E. coli oxidases, we found that, wheradBde is a potent
inhibitor of the bo3 enzyme, both bd oxidases argemsitive to
sulfide. Moreover, in E. coli respiratory mutantboth O2-
consumption and aerobic growth proved to be potentiibited by
sulfide when respiration was sustained by the bd8ase alone, but
unaffected even at high sulfide levels when eitheeenzyme acted as
the only terminal oxidase. Accordingly, wild-type Eoli exhibited
sulfide-insensitive respiration and growth under -l@#ting
conditions favoring the expression of bd oxidagé$ogether these
unprecedented results show that bd oxidases esalilde-resistant
0O2-consumption and growth in E. coli and possibilyeo bacteria.
The physiological significance and potential impatthis discovery
are discussed.
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Mitochondrial-targeted Hydrogen sulfide release by AP39
improves Renal Graft Function and Survival following prolonged
cold storage and transplantation and protects renagpithelial cells
from in vitro Cold Hypoxia/Hypercapnia and Re-Oxygenation
Injury

lan Lobb

Departments of Microbiology and Immunology and $oygSchulich
School of Medicine and Dentistry, Western UnivgrsiMatthew
Mailing Centre for Translational Transplant Studie®niversity
Hospital, London Health Sciences Centre, Londortafdm Canada

Organ procurement is inherently associated withesda-reperfusion
injury (IR1), resulting from loss and subsequerdtoeation of blood
flow, which is detrimental to short- and long-tegraft function and
survival (1-3). AP39 is a novel mitochondrial-tatiegk HS donor that
has shown protective effects during renal epithedell oxidative

stress (4,5). We postulated that targeting ofS Hrelease to
mitochondria with AP39 would improve the potencyHB-mediated
protection during in vitro cold hypoxia/hypercapniaand

reoxygenation (H/R) injury compared to non-specHisS release by
GYY4137. We also hypothesized that treatment obbdddneys with

AP39 during prolonged cold storage could mitig®é&ihduced graft
injury and improve graft function and survival fmNing syngeneic
renal transplantation (RTx).

Rat kidney epithelial cells (NRK-52E; ATCC) werepased to an in
vitro model of cold H/R injury that mimics cellulaonditions during
in vivo cold IRI. Control cells were cultured in DBM + 5% fetal
bovine serum (FBS) at 37 °C in room O2 and 5% ®erimental
cells were treated with either phosphate-buffeedths (PBS) alone or
PBS plus varying concentrations of GYY4137 or ARB®I exposed
to cold (10 °C) hypoxia/hypercapnia (0.1% 0O2/15%2L@r 24
hours. Cells were then re-oxygenated for 24 hoarscanditions
identical to control cells and viability was asssksia flow cytometry
using Annexin-V/7-AAD staining, indicating apoptesand necrosis,
respectively. To assess protective effects of ARGainst renal graft
IRI, Lewis rats underwent bilateral native nephoety and
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subsequent RTx with syngeneic donor kidneys flustviti either
University of Wisconsin preservation solution (Uwbgp; n=5) or
UW + 200 nM AP39 (AP39 group; n=3) and stored fdrturs at
4°C in the same solution. Sham surgeries (midingsion only; n=5)
were also performed and animals were monitored4adays to assess
graft function and survival.

Cells treated with PBS during in vitro cold H/R urny exhibited
significantly decreased (p<0.001) viability compmhréo control
(normoxic) cells. Treatment of cells with 200 nMda#00 nM AP39
and 400 pM GYY4137 significantly improved (p<0.08iability
compared to PBS, while cells treated with 100 nBD) 2M, 400 nM
and 100 pM GYY4137 exhibited significantly decrehq@<0.05)
viability compared to 400 nM AP39. Treatment of akgrafts with
AP39 significantly improved (p<0.05) survival, madty decreased
serum creatinine and significantly decreased (@®Qubular necrosis
scores compared to UW.

Targeting of HS release to mitochondria during in vitro cold H/R
injury treatment substantially improved the potemdyits protective
effects and can also mitigate in vivo IRl assodatéth prolonged
cold storage, improving subsequent graft functiamd asurvival.
Mitochondria-specific KS treatment could represent a novel and cost-
effective method of protecting organs during trdasgation and
improving clinical transplant outcomes.
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Hydrogen sulfide is an essential catabolite thaeruenes in the
pathophysiology of several diseases from hyperendo stroke,
diabetes and pancreatitis (1,2). It is endogenossatyhesized mainly
by two pyridoxal-5phosphate-dependent enzymes involved in L-
cysteine  metabolism:  cystathionifiesynthase (CBS) and
cystathioningrlyase (CSE) (3). A third pathway that catalyses th
production of HS from L-Cys via the combined action of 3-
mercaptopyruvate sulfurtransferase and cystein@@mnansferase has
also been described (4). This pathway is less etitacterized and its
role in determining the §$ levels in tissues still poorly understood.
Research in this field is currently impaired by thack of
pharmacological tools such as selective enzymatigbitors that
could target specifically only one of these pathsvay

We used a novel approach based on a hybrid methaidiricludes
drug design, synthetic biology, metabolomics andrptacological
assays to rationally design a new inhibitor selectior the CSE
enzyme. The identification of this compound, embiogy the
structural features of both cysteine and DL-proplaftgcine, and
inhibiting CSE by a non covalent mechanism, opee frontiers
towards a better understanding of the role of C8& &BS in the
pathophysiology of diseases where a role for th& Hathway has
been proposed. On these basis, the developmenno¥el series of
compounds, derived from the here described leads haen
undertaken in order to get a complete SAR study.

61



1.

References:

Wallace J.L., Wang R. Hydrogen sulfide-basegrapeutics:
exploiting a unique but ubiquitous gasotransmitidature
Reviews 2015;14,329-345.

Caliendo G., Cirino G., Santagada V. Wallacé.JSynthesis
and biological effects of hydrogen sulfide,&): development

of H,S-releasing drugs as pharmaceuticals. J. Med. Chem.
2010;53,6275-6286.

Kamoun P. Endogenous production of hydrogetidsulin
mammals. Amino Acids. 2004;26,243-254.

Mikami Y., Shibuya N., Kimura Y. Nagahara Ng&3awara Y.,
Kimura H. Thioredoxin and dihydrolipoic acid arejoéred for
3-mercaptopyruvate sulfurtransferase to producerdygh
sulfide. Biochem. J. 2011;439,479-485.

62



A Proteomic Approach for the Identification of Perailfides in
Mammalian Cells
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Cysteine residues of proteins are preferred tarfpetsnodifications
mediated by reactive oxygen species (ROS) and iveacitrogen
species (RNS) which can lead to dramatic changeheénstability,
function, activity and localization of proteins (Becently, HS was
discovered as an important signaling molecule Witih therapeutic
potential in inflammation, in the cardiovasculastgym and in cell
growth (2). However, its exact mode of action i®fhpunderstood. It
is believed that not the gaseous form @SHbut rather polysulfides
can interact with thiols forming persulfides (R-B)Sand thereby
changing the properties of a protein (3). Howewdue to its
ambivalent chemical features it is hard to inves#g such a
modification on a protein level. On the one hanetsplfides show a
similar reactivity towards electrophiles like trgolOn the other hand,
they behave similar to other cysteine oxidationsaifiotin switch
assay. We therefore developed a mass spectrorbased method we
named (q)perS-SID_(quantitative persulfide sitentdieation) which
allows the specific enrichment, isolation and gifeation of
persulfides on a peptide level. We could show that diverse KS
donors N@Sy, NaS, NaSH and GYY4137 show different potencies to
induce persulfides. Bioinformatical assessmenthef data revealed
that HS affects all subcellular compartments and varioakular
processes. Furthermore, it seems that negativelsgeld amino acids
appear more frequently in proximity to cysteinesrfimg persulfides.
Using PKM2 as a model protein we could confirm proteomic data
showing that persulfide formation at the cysteiegidues C49, C152,
C358 and C474 leads to its inhibition. Taken togeththe
identification of persulfides on a proteome scalayrhelp to better
understand the biology of ;B and explain the protective effects of
H.S in several diseases.
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Development of a novel chemiluminescent assay forydirogen
sulfide and its application

Hidetoshi Arakawa, Yoshihiro Sano, Koji Karasawaoku Fujii, Ai
Igarashi
School of Pharmacy, Showa University, Shinagawkyd,oJapan

Summary:Hydrogen sulfide (H2S) is attracting attention caage of
three endogenously generated gaseous signaling atordp, the
others being carbon monoxide and nitric oxide. fiji@rogen sulfide
in live cells is generated by the following threenzgmes:
cystathionine p-synthase; cystathionine y-lyase; and  3-
mercaptopyruvate sulfurtransferase. These enzymeesngolved in
neurotransmitter regulation and vasodilation. Hosvevhydrogen
sulfide, the odorous component of waste and sewage,toxic gas;
therefore, a highly sensitive and specific methemdnmonitoring H2S
is desired in order to protect human health and @heironment.
Hydrogen sulfide is generally measured by gas chtography, but
this method requires special equipment. Fluoresqaobes for
hydrogen sulfide have also been recently develogeda simpler
method. In order to analyze hydrogen sulfide rapaiid sensitively,
we have developed a novel method using lucigenin
chemiluminescence in the presence of copper idn (Il

Method: Assay method: Lucigenin chemiluminescent solut{Or
mL: 5 umol/l copper chloride (Il), 0.04 mg/mL lucigenin,10mg/mL
TritonX-100) was added to Na2S solution (20 diluted with
phosphate buffer (pH 11.7). Chemiluminecence iritgnsvas
measured using an Aloka luminescence reader (Aloka Japan)
(waiting time, 10 s; integration time, 10 s).

Results and Discussiorthis is a novel chemiluminescence method
based on the principle that light is emitted byah&ins and hydrogen
sulfide in the presence of lucigenin. The effedtseveral metal ions
(copper (Il), copper (), zinc, magnesium and atimmn) were
studied. Intense luminescence was generated witbpero (II).
Reactive oxygen involved in this chemiluminesceeaction was
analyzed using ESR by the addition of a scavengimgyme, SOD.
An ESR signal was observed in the presence of émig Lucigenin
was essential for the generation of active oxy§¥ith the addition of
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both catalase and SOD, this signal essentiallypgisared. This result
indicates that the radical species is a superosien. Next the
effects of pH, lucigenin, copper (lI) and phosphsa# concentration
were examined to determine the optimal conditioffse results are
shown in the Method. Under the above conditiorstaadard curve of
Na2S shows limol / 1 (20 pmol / assay) ~ 10 mmol / 1 (20 nmol
/assay), and reproducibility was from 1.5 to 11.(f& 7), with 6.0&
as the mean. The specificity of the methods wasneed using
cysteine and glutathione as SH compounds. When amdpto
sodium sulfide standards at the same concentrattms,emission
intensity was 2.9% and 4.1%, respectively, for eys and
glutathione. Further, by adding maleic imide to tlheninescent
reagent, the specificity was able to be improvelausl this method
was found to show high specificity for Na2S. Cutlgnwe are
investigating the application of this methodology biological
samples and environmental studies.
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Pro-apoptotic and anti-tumoral activities of natural H,S donors in
melanoma.
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Melanoma is the most common form of skin cancer &nds
responsible for the majority of skin cancer deathile early-stages
melanoma can usually be effectively treated withigery, more
advanced tumors have a high metastatic potentthlaae notoriously
resistant to conventional cancer therapies suchradstion and
chemotherapy. Despite significant advances in stdeding of
melanoma biology and pathogenesis, and the receatess in
developing targeted therapies for melanoma (Shiael E. et al.
2014, Tsao H. et al. 2012), the prognosis of tiseae remains poor,
therefore the search for new agents for its treatme of great
importance. We have recently demonstrated that rietabolic
pathway I-cysteine/CSEAS is involved in human melanoma
progression (Panza et al., 2015). Therefore, threadiour study was
to evaluate the possible anti-tumoral effect ofurat H,S donors.
Ferula assa-foetida Lis a major source of asafoetida, a foul-smelling
gum-resin of dietary and medicinal relevancAsafoetida is
characterized by an unpleasant sulfurous odor,niso@nt of garlic,
rotten meat and sweat (Mahendra P. and Bisht )20 this study,
we tested the potential effect of several vinylutfide compounds,
isolated and purified from asafoetida, on the pedtion of human
melanoma cell lines. Toward this goal, the effeofsthe vinyl
disulfides were evaluated in vitro on four differdruman melanoma
cell lines: A375, SK-Mel-5, SK-Mel-28 and PES43. ang all the
compounds tested the most effective in suppressiotiferation of
melanoma cells resulted the RTFA16C compound (I65@& puM).
Interestingly, the largest degree of cell prolifema inhibition was
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observed in melanoma metastatic cells PES43 (38%, &nd 71%,
respectively; p<0,001, n=3) exposed to increaswgpd of RTFA 16C
(10-30-100uM) for 72h. Thus, this cell line wasesteéd for the
subsequent molecular studies. Cytofluorimetric wsialwith annexin
V/PI staining demonstrated that the anti-prolifeateffect of RTFA
16C was due to its ability to induce apoptosis HER3 cells. Western
blot analysis further proved that this compound seau a time-
dependent activation of Caspase 3 and the cleawhgs substrate
poly (adenosine diphosphate-ribose) polymerase HBARThe
apoptotic machinery can be controlled, at leaspant, by NF«B,
which regulates transcription of the Bcl-2 familyembers (Ben-
Neriah and Karin, 2011). Several reports have shdwat in
melanoma the constitutive activation of MB-confers tumor survival
capacity and avoidance of apoptosis (Ueda and Riodm2006).
Thus, we have hypothesized that the RTFA 16C indaaif apoptosis
was associated with suppression of fB--activation. Western blot
analysis carried out on the nuclear extracts of 43&&lls incubated
with RTFA 16C (30uM) for 3-6-24h revealed a timededent
reduction of nuclear translocation and activatidnp65. Moreover,
this effect was also supported by the finding tin&t treatment with
RTFA 16C decreased the expression of the anti-afiogtroteins c-
FLIP, XIAP and Bcl-2, that are transcriptionallygrdated by NF<B.
In order to better define the mechanism throughctvihis latter effect
Is achieved, we investigated the possible involuvegmef the
MAPK/ERK and PI3K/AKT pathways, two of the most dreently
deregulated pathways in melanoma (Hodis et al.2R0d/estern blot
analysis revealed that the treatment of PES43 wetls RTFA 16C
(30uM) inhibited the phosphorylation and activatairboth AKT and
ERK proteins at the time points considered (3-6}2#tvasivity assay
carried out on PES43 cells incubated with RTFA IfCand 30 pM
for 16h resulted in a significant inhibition of telvasion. Finally, to
corroborate these results obtained in vitro, wedtgd B16/F10 mouse
melanoma cells into tail veins of C57BL/6 mice taduice lung
metastasis. In these mice, the RTFA 16C (50mg/keallyo
administrated) significantly reduced metastatici fot lung surface
when compared to control group. In conclusion, tafise findings
suggest natural ¥5-donors as new potential agents in the treatnfent o
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human metastatic melanoma and represent a veryigingnstrategy
to improve the fight against cancer.
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Broad Range Antiviral Activity Of Hydrogen Sulfide
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Background: Hydrogen sulfide (KS) is an important endogenous
gaseous mediator that has been recently the fodusntense
investigation, leading to supportive evidence thptays an important
role in vasoactive, cytoprotective and anti-inflaatory cellular
responses. Recently, we have made the criticalradisen that HS
has a protective role in paramyxovirus infectionnbgdulating innate
inflammatory responses and viral replication [1].id not known
whether HS treatment affects replication of other viruses.this
study we tested the antiviral and anti-inflammatacyivity effect of
the slow-releasing ¥$ donor GYY4137 on four different families of
enveloped viruses.

Methods:The following in vitro models of infection were ukdamily
orthomyxoviridae,generainfluenza virus A(HIN1 and H3N2) and
influenza virus Bfamily filoviridae, genusebolavirus(EBOV-eGFP),
family flaviviridae, genusFlavivirus (RSSEV); familybunyaviridag
genusnairovirus (CCHFV) and genughlebovirus(RVFV). Infected
cells were treated with GYY4137 (Sigma) at 5-10 raive hour post-
infection. Viral loads were assessed in the supants and cells at
various times post-infection using virus-specifgsays. Viral proteins
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and RNA were studied by western blotting and reaét PCR.
Cytokine and chemokine production was investigatading
commercially available ELISA kits and Bioplex asg®orad). The
effect of GYY4137 on signaling pathways was studbgdwestern
blotting of fractionated cellular lysates.

Results:GYY4137 significantly reduced viral replication afl tested
viral families. In the case of influenza infectidBYY treatment was
associated with decreased expression of several \varoteins,
suggesting an inhibition of an early step of regtiien. The anti-viral
activity coincided with the broad decrease in thedpction of
cytokines and chemokines including RANTES, IL-8 aRdO, which
was associated with reduced nuclear levels of ¢rgsion factors
belonging to the NFxB and IRF families in response to influenza
infection.

Conclusions:Treatment with GYY4137 showed significant antiviral
activity against a broad range of enveloped virusesulting in
inhibition of pro-inflammatory cellular signalingnd mediators
production.
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colonic epithelial cells and adaptive responses t@ high-protein
diet in rats
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Gut microbiota impacts human health and diseasmigfir metabolite
production. Among them, hydrogen sulfide .8} is produced by
intestinal bacteria from sulfur-containing lumir@mpounds (dietary
or host-derived). k6 concentration in the large intestine contenhis i
the millimolar range (Macfarlane et al., 1992) aseleral studies
reported high fecal concentration of;3 in inflammatory bowel
diseases and colorectal cancer patients (Carbatesb, 2012). The
first aim of the present study was to determimeivo the effects of an
increased exposure to luminagFon colonic epithelial cells. We used
a model of intra-colonic instillation of NaHS £8l donor) or PBS in
anesthetized rats. We found that 1-hour instilfat\ath NaHS 1.5 mM
induced the expression of pro-inflammatory geneslugcible nitric
oxide synthase and interleukin-6) while genes iogtéd in intestinal
inflammation resolution (interleukin-10 and transfing-growth
factorp) were not modified by the treatment. Although lowlimolar
concentration of NaHS inhibited the oxygen consuompof isolated
rat colonocytes, NaHS intra-colonic instillationddnot modify the
respiration of colonocytes but induced the expossif hypoxia-
inducible factor la gene. These results suggest that NaHS reversibly
disrupted mitochondrial respiration in rat coloni@sy Moreover, we
observed that nitric oxide jeopardized the mitoahr@i detoxification
of H,S. In contrast with previous reports (Attene-Rarabal., 2010),
we found that HS was not genotoxic in colonocytes. Then, we
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hypothesized that a high-protein diet (HPD) woulddify H,S
metabolism in rat colon since this dietary inteti@m has been shown
to increase amino-acid supply to gut bacteria (Magtal., 2001).
Sulfidogenic microbial pathways were not modifieg the HPD in
rats but total sulfide in large intestine contemtss more than doubled
(measured by GS-MS). However, sulfide concentratwas not
changed (around 0.4 pmol/g) due to increased doimmal bulk in
HPD animals. In addition, the HPD induced an inseei@ colonocyte
gene expression of sulfide quinone reductase, aynas involved in
H.S detoxification. In conclusion, excessive expoafreiminal HS
triggers pro-inflammatory response together witthgpoxia-like state
in rat colon epithelium. We also found that thesprece of nitric oxide
(a hallmark of intestinal inflammation) hampergSHdetoxification,
possibly potentiating the deleterious effects ofis thhacterial
metabolite. Despite HPD increases sulfide prodactioy the
microbiota, colonic adaptive responses preventnarease in sulfide
concentration that would be deleterious for colgtes.
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Role of H;S in renal ischemia-induced diuresis: HS as the oxygen
sensor in the kidney.

Bettowski J., Wojcicka G., Rusek M.
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Hydrogen sulfide is synthesized in significant amtsuin the kidney
and has been demonstrated to increase sodium dedexaretion [1,
2]. In addition, HS is protective in experimental models of various
kidney diseases including ischemia-reperfusionrinj8]. The inverse
correlation between 3% concentration and tissue oxygenation was
observed in different systems [4]. It is well-knowrat renal medulla
is characterized by very low oxygen pressure [5¢ &amined the
relationship between 43, tissue oxygenation and sodium transport in
moderate transient kidney ischemia not associatéd structural
injury. The study was performed in anesthetizeds.ral,S
concentration in renal cortical and medullary cortpants was
measured by microdialysis method using specificaqgraphic
sensor. The expression and activities gSidynthetizing enzymes
cystathioniney-lyase (CSE), cystathioning-synthase (CBS) and 3-
mercaptopyruvate sulfurtransferase (3-MST) wereketdly higher in
the renal cortex than in the renal medulla, howedg® concentration
was about three-fold higher in the interstitialidiccollected from the
renal medulla most likely due to much lower oxydevel (pQ in the
renal cortex and medulla being 76 + 6 and 16 + 5Hgm
respectively). In addition, stigmatellin — the ibior of mitochondrial
H.S oxidation — infused into the renal artery mariadtreased b5
concentration in the renal cortex but has no sicgnit effect in the
renal medulla. Transient renal ischemia inducedlagping the renal
artery for 30 min reduced pGn the cortex and medulla from 76 + 6
to 27 + 4 mmHg and from 16 = 5 to 7 £ 3 mmHg, respely. In
addition, renal ischemia increasedSHconcentration in the renal
medulla but not in the cortex. Urinary Naxcretion increased after
restoration of renal blood flow and this effect vetenuated by CSE
inhibitor, propargylglycine. In conclusion: (1),8 concentration in
the renal medulla is higher than in the cortex dmdow oxygen
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concentration. (2) & concentration in the renal medulla is sensitive
to changes in oxygenation and increases duringl ieodhemia, (3)
H,S mediates, at least in part, post-ischemic inergagatriuresis.
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Due to its discovery as a signaling agent in mananaystems, hy-
drogen sulfide (H2S) has recently gained much atieramong the
research community (1). Although H2S has been tegato be in-
volved in many cellular signaling pathways and ntous physiologi-
cal roles for H2S have been proposed, the exachamézms of its bi-
ological actions are not yet well defined. Recentkixsuggests that in
fact hydropersulfides (RSSH/RSS-) are responsibiesbme, if not
most, of the biological effects attributed to H2®8 aather, H2S pro-
duction serves as more of a marker or indicatortlier presence of
hydropersulfide reactivity (2). However, it sholdé noted that until
now, the study of hydropersulfides alone has be#ficudt for often
times their generation requires the presence/us¢28f and oxidized
thiol species (4). Therefore, the development cSH&lependent hy-
dropersulfide donors is of great importance. Fas teason we, and
others have employed the use of protected hydrolbieiess (RSSPG),
which undergo spontaneous rearrangement for ingateration of
hydropersulfide species (3). Use of such donors dilasved for a
more definitive study of the chemistry associatath vinydropersul-
fides and their related redox species. Specificdthgus has been
placed on studying the ability of hydropersulfideserve as one- and
two-electron reductants. One-electron oxidatioradiydropersulfide
leads to the generation of perthiyl radicals (RS®#ich in compari-
son to thiyl radicals (RSe), have an enhanced lgtalihrough reso-
nance of the unpaired electron with the orbitalthefneighboring sul-
fur atom. For this reason, examination of the fumeatal redox
chemistry of hydropersulfides and perthiyl radicaish biologically
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relevant species (e.g.02 and nitrogen oxides) bas bndertaken and
the results are discussed here.
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H.S Donors selectively up regulate cystathioninglyase

Bibli S.1.}, Szabo G, Papapetropoulos A.
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Athens, Panepistimiopolis, Athens, Greece.
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Exposure of cells to receptor agonists typicallade to down
regulation of their expression, while treatment hwiantagonists
usually results in up regulation of the targetedeptor. Sporadic
evidence in the literature has indicated that tneat with HS
releasing agents leads to an increase in CSE exxpne$n addition, it
has been observed that the effects £ Honors are in some instances
blocked by CSE inhibitors. The aim of the presetidg was to
systematically investigate whether administratibigS donors alters
the levels of HS producing enzymes. H9c2 differentiated
cardiomyocytes and rat heart endocardial cells wexposed to
vehicle, NaS (10M), GYY (100uM), thiovaline (M), AP-39
(InM) for 24hr. Such treatment resulted in elevatad mRNA and
protein CSE levels. In contrast, no changes inett@ession of CBS
or 3MST were noted. In line with the notion that,Sastimulates
cGMP accumulation, we found that up regulation &ECexpression
in cardiomyocytes can be blocked by DT-2, a cGMPpeteent
protein kinase (PKG) inhibitor. To test whethesSHalso regulates
CSE levels in vivo, C57BL/6 male mice were treatetth H,S donors
and levels of CSE were determined. We observedfdfiatving H,S
donor treatment CSE expression in the aorta, chaotil the heart was
increased, confirming our in vitro observationsr @uadings raise the
possibility that a feed-forward mechanism existsrirdy which
exposure to b5 donors drives CSE expression leading to generatio
of uncontrolled HS amounts that could potentially reach toxic levels
PKG was recently demonstrated to phosphorylate ©8ESer377
restricting its activity. H9c2 cardiomyocytes wetransfected with
human CSE and exposed to Na After such treatment,
immunoprecipitated CSE was found to interact witkGP? Using a
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phospho-Ser Ab we found an increase in CSE sehospghorylation
following treatment of cells with N&. We next raised a phospho-
specific Ab against Ser377 and tested for CSE gdimrgtation on this
residue in animals treated with Mafor 24h. Indeed, 5 donor-
treated mice exhibited an increase of CSE phospdtary on Ser377
compared to vehicle-treated mice. We conclude & donors up
regulate CSE expression in a PKG-dependent manndr that
uncontrolled production of #$ is prevented by phosphorylation of
CSE on Ser377.
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Alterations in the cardiovascular system of 3 MST kockout mice
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Most of the endogenously producedSHis enzymatically generated
by cystathionine beta synthase (CBS), cystathiomjammma lyase
(CSE) and 3-mercaptopyruvate sulfur transferasl$3-). The three
H.S-producing enzymes differ in their sub-cellularcdbization
pattern, regulation, substrate utilization and actdr requirement.
Research on $$ in the cardiovascular system has focused on CSE,
since this enzyme was believed to be the prevalemtce for HS in

the heart and blood vessels. The generation of & K3 mouse line
and the existence of reasonably selective pharmgioall inhibitors

for CSE have greatly facilitated preclinical expegntation.

More recently, BMST has attracted significant attenas a source of
H,S. 3MST is abundantly expressed in blood vesseld toe
myocardium and can be found both in mitochondria am the
cytosol. However, its contribution to cardiovascut@meostasis has
not been addressed, as no useful pharmacologib@itiors exist.
Although a global 3MST KO has been created, itslicaascular
phenotype has not been characteriZBte aim of the current study
was to unravel the role of 3MST in cardiovasculamiostasis. 3MST
KO animals exhibited normal body weight, but sliglglevated heart
to body weight ratios. Although, heart rate wasilsinbetween 3MST
and wild-type animals, changes in the ECG were rvbse
Expression analysis forJ8-generating enzymes in the myocardium,
aorta and carotid artery revealed differential egpion of the bB-
producing enzymes. CBS and CSE remained unalter@y15T KO
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hearts; in the carotid arteries of SMST KO CBS Isweere reduced.
In the aorta, CBS expression was increased, whi& @vels were
reduced. We also determined the levels of cGMP-udg® protein
kinase (PKG), endothelial nitric oxide synthase @&y and soluble
guanylate cyclase (sGC); PKG expression in thetheas elevated,
while no changes in the levels of the 3 enzymes wietected in the
blood vesselsSystolic blood pressure in 3MST KO mice was not
different from that of wild-type control animals.h&ylephrine-
induced contractions, as well as L-cysteine — andtyécholine-
induced relaxations of aortic rings were similatween 3MST KO
and wild-type controls. Relaxations to NaHS werghtly potentiated
in BMST KO animals.

To test the contribution of 3MST in ischemia/repsrbn injury, mice
were subjected to 30 minutes ischemia (LAD ligatitmllowed by 2

hours of reperfusion and the infarct size was assednterestingly,
3MST KO animals revealed a statistically significaeduction in

myocardial infarct size. A similar effect was obst in vitro in H9c2

differentiated cardiomyocytes; cells infected WBMST adenovirus
showed increased cell death when exposed,®, ldompared to the
GFP-infected controls. We conclude that 3MST imgacardiac
structure and function and that, unlike CSE, 3M®EsInot exert a
protective effect in the context of I/R injury inet heart.
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The Novel Mitochondria-Targeted Hydrogen Sulfide Daor
AP123 restores nitric oxide pathway in endotheliatells grown in
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Diabetes represents a major disease associatedveresvascular
complications, such as atherosclerosis and diveisens of

angiopathy, that converge in hypertension [1-4].e Timechanism
underlying these events have been widely disclomed involve,
among other factors, endothelial nitric oxide swsth (eNOS). In
particular, eNOS activity is suppressed in hyparggmic conditions,
resulting in a reduced NO bioavailability. This noga is coupled with
increased levels of caveolin-1 (Cav-1), a protduat tnegatively
regulates eNOS function, and to reduced eNOS ploogialion (p-

eNOS) [5,6]. In addition, diabetic conditions arksoalinked to
reduced circulating hydrogen sulfide (H2S) levelg], [further

undermining vascular homeostasis with respect taogenous
vasorelaxant response [8] and suggesting that w@ishge a condition
of “H2S deficiency” [9]. Here, we wanted to test ether the
mitochondria-targeted H2S donor molecules, AP123 aP39

[10,11], could affect the changes to NO-signalliogserved in
diabetic conditions. For this purpose, we usedsaabdéished model of
in vitro hyperglycaemia, where bovine aortic emadil cells

(BAEC) were grown in high glucose (HG, 50mM) envineent for 3h
(Bucci et al., 2004; Bucci et al., 2008). AP123 ##iB9 were added
at same time as HG induction or 1h later. Afteuletion, cells were
challenged with calcium ionophore A23187 (1uM, 3@mito

84



stimulate eNOS activation and then collected tdgoer western blot
analysis. Supernatants were used for fluorometrialuation of
nitrite/nitrate (NOx) levels. Our results show thatubation BAEC
with AP123 (3h, 1uM), starting at the same timeH§3 condition,

restored NOx levels and only slightly restored eN@®NOS and
Cav-1 expression. More interestingly, AP123 addéd after HG

trigger similarly restored NOx levels, and, in ddi, increased
expression of eNOS and p-eNOS while reduced Cawlsharp
contrast, incubation of BAEC with AP39 (1uM) undiglentical

conditions did not? show significant changes ihexitNOXx levels nor
eNOS and Cav-1 expression. Overall, these datdigiighthat AP123
is more effective than AP39 in restoring NOx levatgl eNOS/Cav-1
balance, presumably since the effects of AP39 amevk to be NO-
independent. These studies strongly suggest th@trii2y be a crucial
vasculoprotective mediator in diabetic vasculatuesd that
pharmacological supply of H2S by novel H2S-relegsmolecules
may be useful in counteracting the detrimental atéfeto the
vasculature of “H2S deficiency” and high glucoseviesnment,

typical of diabetic state.
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Cystathionine-b-synthase  inhibition  for  colon  cance
Enhancement of the therapeutic efficacy of aminooxcetic acid
via the prodrug approach: in vitro studies
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Zhou J., Hellmich M.R.
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Colon cancer cells contain high levels of cystatme-b-synthase
(CBS). Its product, hydrogen sulfide (H2S), pronsatiee growth and
proliferation of colorectal tumor cells in vitro é@nn vivo [1]. The
CBS inhibitor aminooxyacetic acid (AOAA) suppressdke
proliferation of colon cancer cells in vitro andluges tumor growth
in vivo [1]. The potency of AOAA in recombinant CBEC50: 10
uM) was markedly lower than the potency of the cooma as an
antiproliferative agent in the colon cancer celleliHCT116 in vitro
(IC50: 600 uM). We hypothesized that the differebheveen enzyme
potency and cell-based efficacy may be related lionded cellular
uptake of AOAA. Therefore, we have designed andl®gized an
AOAA prodrug (AOAA methyl ester: YD0171) and testiédn vitro
and in vivo in various colon cancer models. YDOIid not inhibit
recombinant CBS, but potently inhibited CBS acyivih HCT116
cells, consistent with cellular uptake and intradal cleavage of the
prodrug. The antiproliferative effect of YD0171 eeded the
antiproliferative potency of AOAA in HCT116 cellhe esterase
inhibitor paraoxon prevented the inhibition of CB&tivity by
YD0171 in the HCT116 cells. YD0O171 suppressed rhibocrial
function and glycolytic activity, but did not indei¢cumor cell necrosis
or apoptosis. The antiproliferative effects of YOQlor AOAA were
not associated with cell cycle block, but both commds induced a
lengthening of the G1 phase, a shortening of th&viGthase, while
the S phase was unaffected. Metabolomic analpsidGT116 cells
showed that YDO171 affects multiple pathways of oedtabolism in
a manner that was similar to the effect of AOAApnT 1300
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metabolites over 200 are affected, including theeeted alterations in
transsulfuration pathway intermediers. These irowitata suggest that
the prodrug approach, as exemplified by YD0171, imay potential

strategy to increase the antitumor efficacy of AQAA
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H2S is known for its beneficial effects under vasocardiovascular
conditions, including ischemia/reperfusion (I/R)uiry, myocardial
infarction, cardiac hypertrophy, fibrosis, heaituiee amongst others.
The understanding of mechanistic basis of suchcisffénas thus
attracted the attention of numerous cardiovasaelsearchers [1]. We
here utilized H9c2 cardiac myoblasts and studiedettfiects of H2S
supplementation (sodium hydrosulfide, NaHS) durethological
adreno-receptor stimulation — involving productafrROS messenger
during the signaling process. To test the possibdf direct/indirect
effects on redox modulation, we studied effectsdpoed by pre- or
parallel-treatment with NaHS during adrenergic ssreconditions.
Time-course microscopic imaging for ROS (employlDGFH-DA)
besides flow cytometry analysis, post adrenergionugation,
suggested higher efficacy of pre-treatment (overlf treatment)
with NaHS. Interestingly, pre-treatment with NaH&] to increase in
the expression and activity of major anti-oxidanzyames, including
Thioredoxin Reductase (TrxR), Glutathione Reducté&S&R) and
Catalase. Inhibition of TrxR activity curtailed tbeneficial effects of
NaHS in our in vitro model system. We also utilizad established
rodent model of cardiac stress and hypertrophyT[Bgse experiments
also yielded evidence for increase in TrxR expoassind activity in
heart tissue of NaHS pre-treated animals besidgsfisant reduction
in ROS, during adrenergic stimulation. Further, tipig
morphometric and histological evidences supporteeli@ration of
agonist induced cardiac remodeling in presencexofyjenous H2S
donor. Taken together, these results highlightedS H& a key
modulator of redox machinery in cardiac cells besiits ability to
regulate pathological outcomes during cardiac stcesditions.
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Iminothioethers as a novel class of H2S-donor: gagansmitter
release and vascular effects.
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Hydrogen sulphide (H2S) is now considered an ingmrgasotrans-
mitter exerting a plethora of effects in particular controlling the
homeostasis of the cardiovascular system. Endogeid86 is mainly
produced in various mammalian tissues by specifeymes, such as
cystathionine beta synthase (CBS) and cystathiogemama lyase
(CSE) responsible for metabolizing L-Cysteine (LsCy1]. Blunted
levels of endogenous H2S have been found in ammoakels of many
pathological conditions, such as myocardial isclanspontaneous
hypertension and hypoxic pulmonary hypertensionerétore, the
administration of exogenous H2S may represent aacéite pharma-
cological strategy. However, the administrationeatessively rapid
H2S donors, such as NaHS, is not suitable for adinpurposes. In
contrast, organic molecules that are endowed Watlv $12S releasing
properties may have a relevant clinical useful2gs In this study a
small library of iminothioethers was synthesised aheir H2S-
releasing properties were evaluated in vitro, byp@mmetric detec-
tion, both in the absence and in the presencegainic thiols, such as
L-Cys. Furthermore, their vasorelaxing propertiesavassessed in rat
aortic rings. The compounds which exerted the b&i&S releasing
properties (IS-313 and SM-54), were selected foth&r pharmaco-
logical studies: their effect on membrane poterdfatultured human
aortic smooth muscle cells (HASMCs) was measuremhdhyect elec-
trophysiology using bis-(1,3-Dibutylbarbituric Agidrimethine Ox-
onol (DiBac4(3)); the H2S release of these compsumds evaluated
in cultured HASMC with the Washington soluble prel{®/SP-1)
which reacts with H2S, by means of spectrofluorimeatcording and
confocal microscopy. In the amperometric assayjemhrout in PBS
buffer (i.e. in the absence of any biological stdds), all the tested
compounds showed negligible H2S release in thenabsef L-Cys. In
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contrast, in the presence of L-Cys, the iminothiees exhibited clear
H2S releasing profiles, strongly influenced by tiemical structure.
Consistently, all the iminothioethers showed endltim-independent
vasorelaxing effects on rat aortic rings. SM-54 d8e313, which
showed a better H2S releasing profile, were salecterder to evalu-
ate their effect on membrane potential in HASMCthbocompounds
evoked membrane hyperpolarization, with a concéatralependent
trend but with different efficacy: 1S-313 was maféective than SM-
54. In order to evaluate the actual generation 2% kth the biological
environment, HASMCs were incubated with WSP-1 aedted with
the H2S-donors; in such an experimental set uph lmoimpounds
showed time-dependent increasing concentratioi2&f. Interesting-
ly, the confocal microscopy confirmed the intragkel production of
H2S in HASMCs treated with both IS-313 and SM-5#li¢ating that
these compounds can easily enter into cells andrédease H2S. The
results obtained with tested compounds demondtratehe iminothi-
oether functional group represents a totally nevietgaable to release
H2S in a slow and constant manner and to produ& m@diated bio-
logical effects, thus representing a useful toolgiearmacological ap-
proaches for those diseases linked to a deficiehepmdogenous H2S.
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Effects of hydrogen sulfide donors on pruritus indeed by an
agonist of type-2 protease activated receptors (PAR) in mice.
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Pruritus is the most common symptom of cutaneossadies and anti-
histamines are the usual treatment; however, ast@hine-resistant
pruritus is very common in some clinical settintigys reflecting the
need to target alternative pathways. Consideriag titie intradermal
(i.d.) injection of the peptide SLIGRL-NH2 (an agginof the type-2
protease activated receptor - PAR-2) evokes acergt behavior in
mice (Shimada et al., 2006), and that hydrogendsuffH2S) donors
can inhibit histamine-mediated itching (Rodriguésle 2013), in the
present study, we investigated the effects of H@8&ods on the acute
scratching behavior mediated by the activation AR in mice, as
well as some of the possible pharmacological mashaninvolved.
The experimental protocol was approved by the I|oEahics
Committee for Animal Experimentation (CEUA - ICB/BSn°® 100,
fls. 09, livro 03/2013). Male C57BL/6 mice (7-10 wld) received an
I.d. injection of SLIGRL-NH2 (40 nmol/site) into eéhdorsal neck
region. GYY4137 and NaHS (slow-releasing and spwdas H2S
donors, respectively) were injected either concantiy with or 30
min before SLIGRL-NH2 into the same site. The itghresponse was
assessed by the number of scratching bouts dutieg40 min
following SLIGRL-NH2 injection. The i.d. injectionf SLIGRL-NH2
(8-80 nmol/site) caused a dose-dependent scratchuith a peak
response observed at 10 min and a return to baseiihin 30 min;
pre-treatment with the histamine H1 receptor amegopyrilamine
(30 mg/kg, i.p.) did not inhibit this behavior. @gection of SLIGRL-
NH2 (40 nmol/site) with either the slow-releasing231 donor
GYY4137 (1 and 3 nmol/site) or the spontaneous ddveHS (0.3
and 1 nmol/site) resulted in significantly reducexssponses. Pre-
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treatment with NaHS, but not with GYY4137, also ulesd in
significant reduction of the scratching behavioo-t@atment with the
KATP channel blocker glibenclamide (200 nmol/siggolished the
antipruritic effects of H2S. The simultaneous itijge of the non-
enzymatic nitric oxide (NO) donor sodium nitroprides (10
nmol/site) significantly reversed the antipruriteffect of H2S;
however, this effect was independent of solublenglyh cyclase
stimulation, since co-treatment with the specifibibitor ODQ (3-30
g/site) had no significant effects on the antigraractions of H2S.
The TRPAL antagonist HC-030031 (2@/site) significantly reduced
SLIGRL-NH2-induced scratching behavior; however #watching
behavior induced by the TRPAL1 agonist AITC (1000ofisite) was
not affected by H2S. Our data show that pruritusdary to PAR-2
activation can be alleviated by H2S, which actsodigh opening
KATP channels and also involves NO in a cGMP-indeleait
manner. Furthermore, TRPAL1 receptor may mediate pgheitus
induced by activation of PAR-2, but H2S does natriiere with this
pathway. In conclusion, these results provide stpdor the
development of new treatments for pruritus, maitiipse aiming
situations where anti-histamines are devoid ofiigant efficacy.
Financial Support: FAPESP, CNPq and CAPES.
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Introduction: The relaxant effect of exogenous hydrogen sulfide
(H2S) has been demonstrated in mouse6, rat5, Pahpimatel and
human4 corpus cavernosum (CC) tissues. Also, ithe@n reported
that H2S synthesizes endogenously from L-cysteinlestsate in
cavernosal tissues and suggested that L-cysteigefpzhway may
regulate penile erection4. The deletion of CSE ereymarkedly
diminished endothelium-dependent vasorelaxation uded by
cholinergic agonist methacholine, and the augmemtatf H2S levels
via methacholine treatment of cultured endothalglls was blocked
by cholinergic antagonist in mice3. In addition, previously shown
that atropine reduced exogenous H2S-induced retepsain mouse
CC and we suggested that exogenous H2S may progucslaxant
response through the muscarinic receptors6. Howdwemechanism
of this relaxant effect is still unclear. The airhthis study was to
investigate the possible interaction of L-cysteif$ pathway and
muscarinic acetylcholine receptors (MAChRS) inrttause CC.

Method: In the present study, the relaxant responses tgsteine
(endogenous H2S substrate; 10-3 M), sodium hydrogelfide
(NaHS; exogenous H2S; 10-6-10-3 M) and acetylcko(ttD-6 M)
were obtained in isolated mouse CC tissues. Firtly effects of
propargylglycine (PAG, 10-2 M) or aminooxyaceticda@OAA, 10—

3 M), inhibitors of H2S synthase enzymes cystatiniegamma-lyase
(CSE) and cystathioningsynthase (CBS) respectively, on the
relaxant response to L-cysteine and acetylcholieeevinvestigated.
The role of non-selective mAChr antagonist atrop{(gl10-5 M),
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selective M1 receptor antagonist pirenzepine (5&10H, selective
M2 receptor antagonist AF-DX (10-6 M) and selectiM8 receptor
antagonist 4-DAMP (10-6 M) were investigated on tleaxant
responses to L-cysteine, exogenous H2S and aceliylehin isolated
mouse CC tissues which were pre-contracted by péehngmne (5x10-
6 M).

Result: The relaxant responses to L-cysteine were sigmflg

reduced by PAG, but not by AOAA. On the other hahe, relaxant
responses to acetylcholine were not influenced Ag,Pbut were
significantly increased by AOAA. Atropine, pirenze@nd 4-DAMP
significantly reduced the relaxant response to &teipe. However,
AFDX-116 did not cause a significant inhibition dhe relaxant
response to L-cysteine. Exogenous H2S-induced aptaresponse
was significantly reduced by atropine, pirenzepdaDAMP and

AFDX-116. Furthermore, atropine, pirenzepin and AMP

significantly inhibited the relaxant response tetsitcholine. Whereas
AFDX-116 did not affect these relaxant responses.

Discussion and conclusionWe conclude that L-induced relaxant
response is mediated via activation of CSE, and hiRCM1 and M3
but not M2 receptors contributes to relaxant effgfct- cysteine in
mouse CC. Also, mAChRs plays a role in exogenouS-H#auced
relaxation in this tissue.

Key words:acetylcholine, corpus cavernosum, hydrogen sylfide
cysteine, muscarinic receptors, NaHS
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Modulation of the inflammatory response by hydrogersulfide in a
model of colitis-associated cancer
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Chronic inflammation is now accepted as a key camepb of tumor
progression and development (Hanahan and Weini#&g]l) and
inflammatory bowel diseases (IBDs) are consideregbnrisk factors
for colorectal cancer (Eaden et al., 2001). Sewevalences link ES
to colonic nociception, IBDs and colorectal cancé&he exact
mechanisms and pathways by whichSHexerts its multitude of
effects are not yet fully understood, but its imeshent in
physiological and pathophysiological conditions tbfe colon is
becoming evident and several studies support thierdlammatory
activity of H2S in experimental colitis (Xu et a2Q05; Fiorucci et al.,
2007; Wallace et al., 2009). The aim of the prestntly was to
evaluate the role of H2S during the pathogenesmolifis-associated
cancer induced by infection with the intestinal teaa Helicobacter
hepaticus (Hh).

Infection of 129SvEvS6/Rag2-/- mice with Hh for ébrconsecutive
days led to the development of severe intestindammation,

characterized by marked epithelial cell hyperplasextensive
inflammatory infiltrates and goblet cell depletidhat is entirely
dependent on innate immunity. Sustained inflammaticthe colon of
Hh-infected mice was correlated with a marked rédod**P<0.01)

of H2S synthesis at 3 and 6 weeks. Analysis of hwiitein and
MRNA of H2S synthesizing enzymes cystathionine-sgtahase
(CBS) and cystathionine-gamma-lyase (CSE) wasezhout on colon
samples from healthy and Hh-infected mice at 6 wdelevaluate the
contribution of these enzymes in H2S productionraduHh inducing
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colitis. The results demonstrated that both enzymasre

constitutively expressed in the colon of healthyenand that CBS,
but not CSE, was significantly reduced during e®ldevelopment.
Finally, we found that enhancement of H2S levelsHim-infected
mice, obtained by administration of L-cysteine Klgy or diallyl

trisulfide (DATS) (50mg/Kg), resulted in a sigmifint reduction of
inflammation in the distal part of the colon (*P&8). In conclusion,
these results demonstrate that H2S has a protedlizeén a model of
colitis driving colorectal cancer.
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Temporomandibular joint (TMJ) disorders are usuablgociated with
inflammation and pain. In previous studies, we dest@ted that
hydrogen sulfide (H2S) exerts beneficial effects mmtiception and
inflammation secondary to knee joint synovitis ioed by

carrageenan (CGN) in rats (Ekundi-Valentim et 2010, 2013).

GYY-4137 is a slow H2S-releasing compound that Isa®wn

promising results as anti-inflammatory agent, altito the

mechanisms involved have not been yet completdipetk We thus
decided to investigate the effects of GYY-4137 lo@ hociception and
inflammation induced by CGN when injected into thelJ of rats,

and to pharmacologically characterize the mechanisivolved. The
experimental protocol was approved by the localidsttCommittee
for Animal Experimentation (CEUA-ICB 46, book 2/8%)10). Under
anesthesia with inhalatory isofluorane (3% in Q@3Je Wistar rats (7
wk. old) received an intra-articular (i.art.) infen of 500ug of CGN.

Four hours later, mechanical allodynia was evatlidtg measuring
the force threshold necessary for head withdrawtt the aid of an
electronic analgesimeter based on the Von Freynélas principle.
Myeloperoxidase (MPO) activity was measured in ThéJ capsule
tissue as a marker of neutrophil infiltration. G¥Y37 (1.25-20
ug/joint), glibenclamide (a blocker of ATP-sensitiveotassium
channels - KATP; 10 and 3@g/joint), ODQ (1H-(1,2,4) oxadiazolo
[4,3-a] quinoxalin-1-one, a specific inhibitor oblgble guanylate
cyclase; 0.8 and gg/joint) and sildenafil (a type V-phosphodiesterase
inhibitor; 0.3 and lug/joint) were co-injected with CGN. The results
were analysed by unpaired Student t-test or ANOMowed by the
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Dunnett's test, when applicable. The i.art. inattof CGN led to an
acute TMJ synovitis which was characterized by raedal

allodynia, neutrophil recruitment into the cavitycreased neutrophil
infiltrate into the synovial membrane (evaluatedvi3O activity) and

increased production of the cytokines IR-land IL-6. The

concomitant administration of GYY-4137 reduced nasubal

allodynia and leukocyte influx. Regarding the megbs involved,

we observed that KATP blockade by glibenclamideagonized the
analgesic effect of GYY-4137 without interfering thvileukocyte

recruitment. On the other hand, cGMP participatesthe anti-

inflammatory and antinociceptive actions of H2Saim opposite way,
as the inhibition of soluble guanylate cyclase y@antagonized the
anti-inflammatory actions of GYY-4137 (but did neaiffect the

antinociceptive effects), and the inhibition of ppbodiesterase-V by
sildenafil was able to reverse the antinocicepégion of GYY-4137

without substantially affecting the anti-inflammagtoactions (as
assessed by tissular MPO activity). The activity aftioxidant

enzymes (superoxide dismutase, catalase, glutahmeroxidase,
glutathione reductase, glutathione transferasejnetalloproteinases
(MMP-2 and MMP-9) remained unaltered in responseC@GN-

induced synovitis or to any of the employed phamiagical

treatments. These data provide evidence in favdurtthe anti-

inflammatory and antinociceptive effects of GYY-Z18n the CGN-
induced TMJ synovitis in rats, which seem to ineKATP channel
activation and cGMP, respectively, thus supportihg therapeutic
potential of H2S donors like GYY-4137 to be usedha treatment of
temporomandibular  disorders of inflammatory  etiglog
Financial Support: FAPESP (grant #2014/24518-1), PGNand

CAPES.
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Effects of Hypoxia on Intracellular H2S and Polysulides: Impli-
cations in O2 Sensing
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Introduction: The mechanisms by which cells detect hypoxia and
transduce this into appropriate physiological reses is a conten-
tious issue. Vascular oxygen sensing is gener#iijpated to hypoxic
generation of reactive oxygen species (ROS). Howé¥2S and pol-
ysulfides (H2Sn) have also been shown to affeabxedatus (Olson,

et. al, 2016). In the past, we have hypothesized tbactive sulfur
species (RSS) have the same effect on redox satiROS and that
the metabolism of H2S is the vascular oxygen sef@3ison, 2014).

Methods:In this study, we examined intracellular productmnH2S
and H2Sn using 7-Azido-4-Methylcoumarin and 3,6€DI(hiosalicyl
(SSP4) respectively in HEK-293 cells and Bovinenkarary Artery
Smooth Muscle Cells (BPASMC) under both normoxit%202) and
hypoxic (0.5% O2) conditions over a 48hr periodatidition we at-
tempted to augment H2S and H2Sn production via #m@wn intra-
cellular production pathways through addition obswates (to in-
crease production) and inhibitors (to decrease ymtboh). Further-
more, we used targeted roGFP transfected cellbdartitochondria
and cytosol to examine the redox changes that aseder hypoxic
conditions.

Results:H2S production in both BPASMC and HEK-293 cells in
normoxic conditions was minimal, whereas in hypoganditions,
production increased steadily from the 4hr timenporeaching its
maximum at 48hr, yielding a two-fold increase inM@ fluores-
cence. Polysulfide production showed a steady as&an normoxic
conditions, reaching its maximum at 48hr, yieldiagtwo-fold in-
crease in SSP4 fluorescence; however, in hypo8&4Sluorescence
remained constant, showing minimal production. fkenmmore, trans-
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fected HEK cells showed reduction of the cytosal, dlight oxidation
of the mitochondria under hypoxic conditions.

Conclusions:Here, we show an increased production of intratzell

H2S under hypoxic conditions (0.5% O2) with a caonent decrease
in intracellular polysulfide production. Additiog| the cytosol of
HEK cells becoming further reduced correlates vinitreased poly-
sulfide production, whereas, oxidation of the niikmiedria corre-
sponds to an increased prevalence of polysulfileth findings fur-

ther support the theory that RSS production isctlydinked to oxy-

gen concentration, and thereby provide further sdpfor H2S and

associated RSS as the oxygen sensor.

Support:NSF Grant 10S-144-6310 (KRO)
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H,S Restores Carbachol-induced Contractiie Responsesn
Detrusor Smooth Muscle Having Cyclophosphamide-indced
Cystitis
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Interstitial cystitis is a syndrome often causedobgractive detrusor
and chronic inflammation of bladder and therefdremay change the
contractility of the bladder detrusor smooth muscle disease
situations, muscarinic receptor subtypes in bladdey change
(Braverman et al., 1999; Somogyi and de Groat, 1988 especially
an inflammation state may cause detrimental effectghe agonist
induced contractile responses (Mok et al., 2000e&at al., 1993).
The role of endogenous hydrogen sulphide has beerowistrated in
human and rat lower urinary tract including bladderooth muscle
(Gai et al., 2013). Since,H has also been known to have antioxidant
effects, its donors might be useful in preventihg toxic effects of
cyclophophamide in bladder such as hemoraggies tramiitity
changes and functional losses. Therefore, we exatrilme changes in
carbachol-induced contractile responses and thenpal therapeutic
effect of NaHS inp-escin permeabilized detrusor smooth muscle of
mice after cyclophosphamide-induced acute and ahragstitis.
Acute cystitis was induced by cyclophosphamide (C3®0 mg/kg,
dissolved in saline) that was injected to mice &wfemale, 20-25 g)
intraperitoneallywith euthanasia occurring 4h after injectiémorder
to observe whether 43 prevents the toxic effects of
cyclophosphamide,NaHS (10 mg/kg) was injected to mice
intraperitoneallybefore 30 min of CYP injection. Chronic cystitigisv
induced byCYP (75 mg/kg, dissolved in saline) injected to eniace

a day on days 1, 4, 7 and 10 days intraperitondddiAS (10 mg/kg)
was injected to treatment group of micdraperitoneallyonce every
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day (1 hour earlier than injection of CYP) for 18yd.On the eleventh
day mice were used for studies. Control groups vigjected with
saline (%0.9 NaCl). The bladder from mice wereasad and then the
mucosa and the connective tissues were removed andessecting
microscope. Detrusor smooth muscle strips (appratety 150-250
pm in diameter and 3-4 mm in length) were mounted ml organ
baths containing Hepes buffered modified Krebditsmh (NaCl 126;
KCI 6; CaC} 2; MgChk 1.2; glucose 14 and HEPES 10.5 in mM)
under a resting tension of 100 mg. Isometric cativas were
recorded and expressed as % of 80 mM. Kissues were
permeabilized with 100 pN-escin for 30 min. Carbachol (50 pM)-
induced contractions were significantly increasesinf 18.8+6.1 %
(control, n=8) to 44.3+9.3 % in acute cystitis (n¥50.05). This
elevation in contractile response in acute cysgitaip is significantly
decreased in NaHS treatment group that is 18.1%6(h=7,P<0.05).
Similarly, in chronic cystitis group, carbachol-ubd contractions
are increased approximately 70 % where NaHS tredtuecreased
this elevation by roughly 35%. In conclusion, battute and chronic
interstitial cystitis enhances carbachol-inducedciom release.
Treatment with the hydrogen sulfide donor NaHS emes the
increase in carbachol-induced contractile respomsdsoth groups.
Based on these functional preliminary data, we gesgthat KS
protects the bladder detrusor smooth muscle from plotential
detrimental effects of cyclophosphamide.
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Hydrogen sulfide is a negative regulator of platekeaggregation at
phisiologicallt relevant concentrations
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Hydrogen sulfide (KS) is generated by a range of human tissues and
mediates a variety of biological processes suchvasodilation,
inflammation and mitochondrial function (1). Thengeation of HS
by platelets is undefined. Functional studies wpthtelets to date
suggest inhibitory roles following exposure to onlgn-physiological
mM concentrations of sulfide salts which releasheart burst of BKS
(2). The functional impact of continuous exposuweH:S at lower
concentrations that mimic physiological generatisnunknown. In
addition, the physiological relevance of endogendS to platelets
remains undefined. We aimed to determine whether an which
enzymes platelets generatgeSH Secondly, we determined the impact
of slow, consistent exposure to,3 at physiologically relevant
concentrations upon platelet function and investidathe role of
endogenous §$ in regulating platelet aggregationvivo. Expression
and enzymatic activity of the two principle;$tgenerating enzymes
cystathioney-lyase (CSE) and cystathionifiesynthase (CBS) were
assessed by western blotting, thialysine (3) anad®ihelder’s (4)
assays. bB5 generation was measureth the HS-specific probe
WSP-1 and endogenoussulfhydration measured by a tag-switch
assay (5) in human platelet lysatés. vitro and in vivo platelet
aggregation were assessed by light transmissiomeggmetry of
isolated human platelets and in a real-time mousdemof platelet
thromboembolism (6). Consistent and robust expoasei CBS but

107



not CSE was detected in human platelets. Platalsts contained
CBS but not CSE catalytic activity.,H generation by resting platelets
could be detected and was significantly reducedyg@rmacological
inhibition of CBS. Platelets contain&kulfhydrated proteins.

Exposure of platelets to the slow release donor &N37 at
concentrations that release3Hin the nM range led to significant
inhibition of aggregation and AP67 which releases$ ldt a greater
rate had proportionally higher potency. Pharmadoaignhibition of
endogenous }$ generation in mice significantly increased calag
induced aggregatioim vivo compared to donor control treated mice.
In conclusion, platelets generatgSHcatalytically from CBS which is
associated withSsulfhydration of as yet unidentified proteins
suggesting novel }$-mediated signalling events. Slow consistent
exposure to b5 to mimic physiological release inhibits platelet
aggregation in the nM range through mechanisms rdragin to be
identified. Finally, endogenous,H is a negative systemic regulator of
platelet aggregation and may be hypothesised td aré-thrombotic
activity in vivo.
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Pro-apoptotic effect of HS-donors on human melanoma cells
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Cutaneous malignant melanoma is the most aggregsimre of skin
cancer, with a high mortality rate. Various treatmsefor malignant
melanoma are available, but due to the developroémhulti-drug
resistance, current or emerging chemotherapies aaetatively low
success rates. This emphasizes the importancesobwdiring new
compounds that are both safe and effective agamskanoma
(Chinembiri et al., 2014). In the last few yearsumerous
physiological and pathophysiological roles havenbe®posed for the
gasotransmitter hydrogen sulphide,@) along with a plethora of
cellular and molecular targets,$lis endogenously produced by the
action of three enzymes CBS, CSE and the newlydesed 3-MST
(Wang R. et al., 2012). While,8 is cytoprotective at physiological
concentrations, it seems to have pro-apoptotioastin cancer cells
(Predmore BL. et al., 2012). However, to date ttaeenot definitive
reports on the role played by,&l in cancer development. To gain
further insights into the role played by$lin human melanoma, we
evaluated the effect of severaj$idonors (NaHS, DATS, GYY4137,
Thioglicyne and Thiovaline), on A375 melanoma qaibliferation.
All the compounds, but not NaHS, inhibited the gitowf A375 cells
in a concentration-dependent manner. Among all #a8-donors
tested we focused our attention on the potentitituamor effect of
synthetic HS-donor GYY4137. The effects of this compound was
also evaluated on other three different human noef@ncell lines:
SK-Mel-5, SK-Mel-28 and PES43. We found that GYY413
decreased in a concentration-dependent mannerrdtiéegation rate
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of all melanoma cells used. Normal human epidermalanocytes
(NHEM) were used as control. In order to evaludtehe anti-
proliferative effects of GYY4137 was due to apoaosr necrosis,
flow cytometry analysis by double staining with Amm V and
propidium iodide (PI) was carried out. This duaising distinguishes
between unaffected cells, early apoptotic celle &poptotic cells and
necrotic cells. Treatment of A375 cells for 24, 48d 72h with
GYY4137 (1000uM) resulted in a time-dependent itiduc of
apoptosis. In particular, at 72h almost 40% cellsildted markers of
late apoptosis. This effect was accompanied bymnee-tiependent
activation of caspase 3 and the cleavage of itssteate
poly(adenosine diphosphate-ribose) polymerase (PARRe main
transcription factor involved in the regulation agoptosis is NFkB,
thus we hypothesized that theSHdonors induction of apoptosis was
associated with suppression of NB-activation (Wang CY. et al.,
1999). Western blot analysis carried out on thelearcextracts of
A375 cells incubated with GYY4137 for 3-6-24h réedlin a time-
dependent reduction of p65 nuclear translocatiod antivation.
Moreover, the expression of the anti-apoptotic giret c-FLIP, XIAP
and Bcl-2, that is transcriptionally regulated b¥-kB (Ben-Neriah
and Karin, 2011)was greatly reduced following treatment of cells
with GYY4137 1000 uM for 3-6 and 24h. Two of the sh&requently
deregulated pathways in melanoma are mitogen-aetivarotein
kinase (MAPK)/ERK and phosphoinositide 3-kinase 3®QIAKT
(Hodis et al., 2012). These two pathways play apoirrant role in
melanoma development and progression and are iedola the
mechanism of resistance to targeted therapy (Rlaletral., 2012).
Western blot analysis revealed that treatment o¥75A8ells with
GYY4137 1000uM inhibited the phosphorylation andivetion of
both AKT and ERK at all time considered (3-6-24h).

In conclusion we have demonstrated that both nlaamd synthetic
H,S-donors inhibits human melanoma cells proliferatiy inhibiting
pro-survival pathways associated to NB-activation. Our results
establish HS-donors as new potential agents in the treatmént o
human metastatic melanoma and represent a veryigngnstrategy

to improve the fight against cancer.
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Effects of 7 days melatonin introduction on the hytbgen sulfide
and glutathione level in the blood of diabetic rats with
nephropathy
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Diabetes mellitus and its complications represent najor
sociomedical problem today. Hyperglycemia is aidgvorce for the
development of diabetic nephropathy [5]. Changes time
concentration and production of hydrogen sulfidayphn important
role in the pathogenesis of pancrdhasell dysfunction and in the
pathogenesis of endothelial injury, which develap tbe basis of
elevated circulating glucose levels in diabetes litusl [4]. The
experiment was carried out on male albino rats wighbody weight
of 0.16 — 0.18 kg. Experimental diabetes was indunge 5% alloxan
monohydrate solution in the dose of 150 mg/kg. Mepathy was
induced in diabetic rats by injection of glycerdl0(mg/kg) after
fasting overnight. After diabetes and nephropatkeyexconfirmed, rats
were divided into five groups: 1) control rats;alpxan diabetic rats;
3) animals with overt diabetes, which introduced nwmelatonin
intragastrically in the dose of 10 mg/kg at 8 admring 7 days;
4) animals with diabetic nephropathy; 5) animalsthwidiabetic
nephropathy, introduced to melatonin intragastiyadal the dose of 10
mg/kg at 8 a.m. during 7 days. We determined canagon of HS
and glutathione in the blood, activity of glutath@S-transferase (G-
S-T) and glutathione peroxidase (GPx) in the bloadtivity of
cystathionineB-synthase (CBS), cystathionindyase (CSE) in the
liver. Fasting blood glucose level was increasediaietic rats in 2.3
times, but the introduction of melatonin promotedmalization of the
level of basal glycaemia in diabetic animals, iadileg hypoglycemic
action of melatonin. In rats with diabetic nephrbyathe level of
glucose increased in 1.9 times as compared withetled of glucose
in control rats. Melatonin does not show hypoglyaeraction in
combined pathology. Our study shows the plasm& Hevel is
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significantly reduced in the alloxan induced diabeats in 1.3 times
and in rats with nephropathy in 1.8 times as comegpavith plasma
level of HS in control rats. In the blood of alloxan diabetats
receiving melatonin the content of&lincreases as compared with the
groups of diabetic rats and rats with nephropath¥.2 and 1.6 times
accordingly. Our examination demonstrates a redactof CSE
activity in the liver of alloxan-diabetic rats in5ltimes and in 2.6
times there was reduction in rats with diabetichmepathy. Similar
changes have been observed in activity of CBSerlitter of alloxan-
diabetic rats and rats with combination patholddye introduction of
melatonin contributes to the increasing CSE agtiwitthe groups of
diabetic rats and activity of CBS in rats with condal pathology.
Hyperglycemia leads to depletion of the antioxidadéfense
mechanism, thus promotes the generation of freleaksdresulting in
an endothelial dysfunction [3Metabolismof glutathione is known to
be associated with theetabolismof sulfur-containing aminoacids
and hydrogen sulfide. The glutathione system is oheéhe most
powerful antioxidant cell systems, interaction oéef radicals, and
protects against lipid peroxidation [1, 2]. Ouruks indicate the level
of glutathione in red blood is reduced as compaved the level in
control rats (in 1.3 times in the alloxan induceabetic rats and in 1.2
times in diabetic rats with nephropathy). The attiof G-S-T and
GPx increased in red blood cells in 1.25 timeshm dlloxan induced
diabetic rats, and in 1.2 times in diabetic ratthwiephropathy. The
introduction of melatonin contributes to the nornzaion an activity
of G-S-T in the alloxan induced diabetic rats amd rats with
nephropathy, and the activity of GPx normalizesyonl group of
animals with diabetes mellitus. It may indicate phetective functions
against oxidative stress. Study ofSHconcentration and its producing
enzymes may prove to be an effective strategy fmiutating diabetes
treatment. The disorders of metabolism of hydrogdfide in alloxan
diabetic rats can lead to the imbalance betweerdative and
reductive species. Our results suggest that metaisreffective for
the normalization of metabolism of hydrogen sulfated glutathione
system in diabetic rats. The introduction of mata&tan the group of
diabetic rats with nephropathy didn't show relialdkanges, and
therefore needs further studies using melatoniraftanger period of
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time.
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Thiosulfate sulfurtransferasé@s aka Rhodanese) is indirectly linked
to breakdown of the gasotransmitter hydrogen sil{idS) (2). BS
is emerging as a key gasotransmitter involved isoddation of the
vascular system (3) and has been shown to proteftitleelial cells
from the nutrient dysregulation seen in diabete3. (L was
hypothesised that genetic deletion Tt (Tst™ mice) would lead to
altered aortic vasodilation and protection of ehdbal function in a
mouse diabetic model. This investigation aimeddtednine whether
Tst is expressed in the aorta, and whether its delesibers the
endothelial nitric oxide synthase (eNOS) signallxaghway in control
and diabetic animalsTst mMRNA was detected in the aortic wall.
Phosphorylation of eNOS protein at the activatirgl®77 site was
greater in aortas frorTst” mice compared with wild typeTst’")
mice. Vascular responses in aorta from control afsmto the
vasoconstrictors phenylephrine (PE) and 5-hydrgpyarmine (5-HT),
and the vasodilator acetylcholine (ACh) were corapl inTst™ and
Tst”". Inhibition of eNOS and cyclooxygenase (COX) hauhilsr
effects in both genotypes. Other than a small deserein the
sensitivity of vessels to 5-HT (< 0.15 decreasphkiCs, value, 2 way
ANOVA diet p = 0.047) high fat diet (HFD) feedingrf? or 20 weeks
did not alter functional responses in aorta frosi’" or Tst" mice.
However, when eNOS and COX were inhibited, an ueetqu
increase in residual vasodilation was observedsii but notTst™*
mice (7 weeks; maximal relaxatiofist’* 19.5 + 3.8%Tst: 41.3 +
3.8%, Student's t test p = 0.007). Further, aftér Beeks HFD
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maximal constriction ofst” vessels to PE was decreased (20 weeks;
maximal constriction; Control: 240.8 + 8.1%, HF8712 + 22.9%)
under combined eNOS and COX inhibition. Strikinglyis did not
occur in Tsf” mice where responses were identical (20 weeks;
maximal constriction; Control: 253.0 + 12.3%, HFEB7.3 + 15.7%,
Bonferroni post hoc tesTst’ HFD vs. Tst” HFD p < 0.01). In
conclusion, this work has shown thigtis present in the vessel wall
and deletion ofTst increases activating phosphorylation of eNOS in
the endothelium. Despite this investigations shothatl there were no
apparent changes in baseline vascular functioroofral or HFD fed
mice. However, pharmacological inhibition of endsitbm-derived
relaxing factors (NO, prostaglandins) in HFD fedcenidid reveal
alterations in the contribution of vasodilators Wst. It also
uncovered that maximal constriction was decreasdsf’”* mice fed
HFD but appeared to be protectedrst”. These findings suggest that
Tst interacts with the endothelial NO signalling systéut require
further investigation.
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Thiosulfate sulfurtransferasést aka rhodanese) is a nuclear-encoded
mitochondrial protein indirectly linked to the bkelmwn of the
gasotransmitter }$ (3).Tstis highly expressed in the liver, whereSH
signalling regulates metabolism (2). Elevated hepdtS has been
linked with decreased insulin sensitivity and imsed glucose
production, hallmarks of diabetes (1). However, rible of enzymatic
H.S breakdown in hepatic,B exposure is unknown. We hypothesised
that deletion of thélst gene attenuates hepaticSHbreakdown and
contributes to the development of type 2 diabelestest this we
investigated KS and energy metabolism ifist™ mice before
performing proteomics analysis of whole liver andoachondria in
Tst” and Tsf™™ to gain insight into the molecular pathways
underpinning any effects. Consistent with the caadrrole ascribed
to TST, thiosulfate levels were elevated in plasand urine ofTst"
mice (Tsf” 66 + 9.1 uM, Tst™ 2.8 + 0.12 pM, p < 0.0001).
Monobromobimane (MBB) derivatisation also revealedrkedly
increased kS in whole blood offst” mice (Tst” 227 + 9.2 uMTst™
30.3 £ 1.3 uM, p < 0.001). Hepatic glucose produrctivas higher in
Tst" mice after intraperitoneal pyruvate challenge (AglGcose Tst"
1239 + 71.8, T&t" 1061 + 36.3, p = 0.037). In support of elevated
hepatic glucose production, phosphoenolpyruvatebasgkinase
(PEPCK) activity was increased ifst” mice (NADH extinction
measured at 340 nMist” -0.1 + 0.01 signal/min/g proteifst’" -
0.076 + 0.01 signal/min/g protein, p = 0.0499%t" mice also
exhibited increased plasma VLDL triglyceride levelst” 45.6 + 6.6
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mg/dL, Tst”" 26 mg/dL + 4.5, p = 0.034) reminiscent of a diabet
liver lipid export profile. Primary hepatocytes fino Tst~ mice
exhibited an increased rate of oxygen consump@®aR, Tst~ 113.9

+ 7.7 pmol/min/proteinTst’* 83.9 + 10.5 pmol/min/protein, p = 0.01)
that comprised of increased ATP-coupledsf( 76.1 + 5.1
pmol/min/protein,Tst™* 59.9 + 7.2 pmol/min/protein, p = 0.032) and
non ATP-coupled leakTét”™ 37.7 + 3.3 pmol/min/proteifst’ 23.9 +
4.2 pmol/min/protein, p = 0.005) respiration. Ndyabsolated liver
mitochondria fromTst™ mice unexpectedly showed higher rates of
H.,S breakdownTst™ 1220 + 152.1 pmol/min/mg proteifist’" 710 +
87.6 pmol/min/mg protein, p = 0.03), suggestingpbmpensatory up-
regulation of alternative pathways fop$Fdetoxification. Quantitative
proteomics identified altered levels for proteins Key pathways
including decreased pyruvate dehydrogenase kinas¢PDK1,
pyruvate entry to mitochondrial TCA cycle), incredslow density
lipoprotein receptor-related protein 1 (LRP1, lipidtake/transport),
increased betaine homocysteine methyl transfera@HMT1, the
transulfuration pathway) and increased heme oxygerfa (HO-1,
heme breakdown/antioxidant pathway) that begin tovide a
molecular framework for altered metabolism in hepgtes of Tst”
mice.

Our data suggest thdst gene deletion invokes multiple changes in
hepatocyte glucose and lipid metabolism that ultglyaconfer a
susceptibility to diabetes. Moreover, despite a pensatory increase
in H,S breakdown at the hepatocellular level, highefidailexposure
may negatively dominate hepatic functionTst” mice.
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Type 1 diabetes is an autoimmune disease causpadly destruction

in the pancreas. Studies have suggested a potesigaor HS in the
development of type 1 diabetes, with inhibition ©fstathionine
gamma-lyase (CSE) offering protection from streptozin (STZ)
induced B-cell death in vitro (3) and delaying the onset of
hyperglycemia and protectirfigcells in vivo (5).

Others have shown induction of cystathionine bgtdahgse (CBS) in
pancreas of STZ treated rats in vivo (1). ConvgrsélS donors have
been shown to inhibit leukocyte adherence, and bitibn of
endogenous §6 production promotes leukocyte adherence (2), whic
may influence leukocyte recruitment during type Ilabdtes.
Furthermore, Non-obese diabetic (NOD) mice, whipbnéaneously
develop Type 1 diabetes, have been shown to havgrgssively
reduced plasma 13 levels (4). However, the mechanisms by which
hydrogen sulfide contributes to or protects frora grathogenesis of
type 1 diabetes are not clear. Here we examine rétaionship
between CBS, CSE, and 3-MST expression and leetndothelial
cell adhesion molecules involved in leukocyte adiresequired for
insulitis. Pancreatic endothelial cells were issdafrom NOD, ALR,
and IDD22 mice, as well as the aorta of NOD micbiclv acted as a
control. Protein levels of CBS, CSE, and 3-mergayptovate
sulfurtransferase (3-MST) were measured by westdot from
endothelial cell lysates. CSE protein expressiors \waver in all
pancreatic endothelial cells compared to aorticodmalial cells.
Pancreatic endothelial cells isolated from the Aidite showed an
absence of CSE expression and an increase in 3-dkprlession
compared to NOD and IDD22 mice. IDD22 mice showetkerease
in CBS expression compared to NOD and ALR micewrgtometry
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data indicate that endothelial cells isolated fld@D mouse pancreas
have significantly elevated levels of E-SelectinSétectin, ICAM-1
and VCAM-1 compared to ALR and IDD22 mice as wedl MOD
aortic endothelial cells both basally and followihdnours stimulation
with 10 ng/ml TNF. Selectin levels of IDD22 and ALR pancreatic
endothelial cells were similar, whereas ICAM-1 an@AM-1 were
elevated in IDD22 mice over ALR mice following 4 urs TNFu
stimulation. These differences in expression of CBSE and 3-MST
may contribute to susceptibility to or protectioarh the development
of type 1 diabetes.
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injury-associated renal graft injury in a murine model of donation
after cardiac death renal transplantation
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Current strategies to expand the supply of avaladnor organs for
transplantation has included greater use of donaiter cardiac death
(DCD) organs. However, DCD renal grafts experiepa#onged pe-
riods of warm ischemia in addition to cold ischemaperfusion injury
(IRI) that results in higher rates of delayed gfafiction and failure
compared to standard criteria donor organs (1).l&uhas previously
shown that hydrogen sulfide (H2S) supplementationgates renal
injury in models of both warm and cold IRI (2-5hi$ study aims to
investigate if H2S supplementation in a model of[D&nal trans-
plantation (RTx) combining warm and cold ischemaa ceduce renal
graft injury and improve recipient outcomes. Aduolale Lewis rats
either underwent a midline incision only (Sham gron=5) or re-
ceived a renal transplant from a syngeneic donlboviing bilateral
nephrectomy (UW and H2S groups; n=6 per group).dddidneys
were subjected to 30 minutes of warm (37 °C) isc¢hena clamping
of renal pedicle followed by 18 hours of cold sg@g4 °C) in stand-
ard University of Wisconsin (UW) organ preservatsmtution prior to
transplantation. Donor rats in the H2S treated greere injected in-
tra-peritoneally with D-cysteine (2mmol/kg) 1 holefore procure-
ment and the UW solution was supplemented withubb0laHS dur-
ing cold storage. Donor rats in the UW group reedionly PBS in-
jections prior to procurement and kidneys wereeston UW solution
alone during cold storage. Transplant recipientseweonitored for 30
days or until the time of sacrifice. Blood and erisamples were col-
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lected for analysis of renal function and the gradis recovered for
histopathology at the time of sacrifice or deatRSHsupplementation
provided survival benefit as exhibited by signifilg improved sur-
vival of the H2S treated group in comparison toreatied group
(p<0.05). H2S treated animals also exhibited impdovenal graft
function as evident from decreased urine proteuriioe creatinine ra-
tio (p<0.05 for day 5) and the trend of decreasedim creatinine
compared to UW treated animals. Further, while UNaftg exhibited
significantly greater acute tubular necrosis (ATdores (p<0.05)
compared to Sham, ATN scores in H2S treated gnadte not signifi-
cantly different compared to Sham. This is the tady depicting the
benefits of H2S supplementation in a clinicallyexrent murine model
of DCD renal transplantation. These findings copddentially repre-
sent a novel method of reducing both warm and t®ldiuring DCD
transplantation and ultimately improving recipienttcomes for this
rapidly growing subset of donor organs.
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The "cross-talk" between 8 and NO signaling was demonstrated in
a number of recent studies (reviewed in [1]). Astarting point to
dissect the underlying chemical foundations of tt@operative
interactions of NO and 1%, here we investigated the reaction of the
model S-nitrosothiol (S-nitroso-N-acetyl-D,L-peti@mine; SNAP)
with H,S. The reaction leads to the generation of a nummbsulfane
sulfur containing and S/N hybrid inorganic molesylavith major
characterized products at an excess of sulfidegbegdolysulfides
(HS)), nitrosopersulfide (SSNQ, dinitrososulfite (SULFI/NO) and
nitroxyl (HNO) [2]. We obtained evidence -on kiregrounds as well
as by chemical characterization -for polysulfid@emation during the
early phase of the reaction. Polysulfides were doto be more
reactive with SNAP than sulfide itself and servedd autocatalytic
intermediate species in the overall reaction tcedive other major
product, SSNQ Autocatalytic formation of SSNOwas apparent
based on the observed induction periods in thetikineces a. =
412 nm (the absorption maximum of SSNCAddition of preformed
polysulfides to reagent sulfide solutions diminighihis induction
period (which disappeared at sufficient polysulfidencentrations),
corroborating that polysulfides, that were genetaie situ in the
reactions of SNAP with 6, were indeed the catalyzing intermediate
species of SSNOformation. SSNO decomposition is a relatively
slow process accompanied by the release of NO,enter oxidizing
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equivalents are eventually mostly converted to qaige formation.
Quantitative measurements of total sulfur conter8$NO (assessed
by sulfide quantification upon the reduction offank sulfur species
during SSNO decomposition in a time resolved manner) corrdlate
well with the amount of released sulfane sulfur gswed by cold
cyanolysis and extraction of polysulfide sulfanelfiss into
chlorophorm). These quantitative analyses indicatieat SSNO
accounts for 25-30% of the oxidizing equivalentswocwy from SNAP.

In conclusion, our results suggest that nitrosapgde, which is a
major product of chemical interactions between N@ &bS, can
serve as a reservoir and donor of sulfane sulfdrratric oxide and
hence could play a role in sustained NO and sufigealing.
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Recently we have found that hydrogen sulfide,SH causes
vasodilation in rat mesenteric arteries by opermhgoltage-gated K
channels followed by lowering of smooth muscle calcium as well
as by desensitization by a mitochondrial mechaniswolving
complex | and lll (Hedegaard et al., J Pharmacad ERer., 2016). In
the present study we investigated whethesS Heontributes to
acetylcholine relaxation in rat mesenteric arteriBat mesenteric
arteries were mounted in microvascular myographsr fo
pharmacological studies and for simultaneous measemts of
relaxation and nitric oxide (NO) or .8 by use of amperometric
microsensors for these gases. In norepinephringamiad arteries,
acetylcholine induced endothelium-dependent relamat and
increases in nanomolar NO concentrations which wdriited in the
presence of inhibitors of NO synthase, nitro-L-ange (L-NOARG)
and asymmetric dimethyl-arginine (ADMA). .8 relaxations were
unaltered after endothelial cell removal, and ia firesence of NO
synthase inhibitors and indomethacin. The endogend$S
production was blocked with the enzyme inhibitofs respectively,
cystathioney-lyase and cystathiongsynthetase, dl-propargylglycine
(PPG) and amino-oxyacetate (AOA), which inhibitezktgicholine
relaxation in the absence, but not in the presenteNOARG, while
relaxations induced by an NO donor, sodium nitrepide were
unaltered. Simultaneous measurements of relaxaimh free HS
concentration revealed that the exogenously-addssi dalt, NaHS,
caused concentration-dependent relaxations. THB)GuM NaHS,
the HS concentration measured with intraluminal and atininal
H.S microsensors was, respectively, 15.6 uM and &/ and the
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artery relaxed ~62%. Acetylcholine failed to ingeathe HS
concentration. Blockers of voltage-gated, 7K channels inhibited
NaHS relaxation, and blockers of mitochondrial ctewrpl and Il
abolished NaHS relaxation. Our findings suggestitheat mesenteric
arteries, endothelium-derived NO and hyperpolaiopatontribute to
acetylcholine relaxation, while#8 at micromolar may modulate these
relaxations at mitochondrial level.

References:

1. Hedegaard E.R., Johnsen J., Povisen J.A., 3espéd.R.,
Shanumaganathan J.A., Kristiansen S.B, SimonseBdtker
H.E. Inhibition of K,7 channels provides coronary flow
dependent protects against myocardial ischemia and
reperfusion injury. Journal of Pharmacology and étxpental
Therapeutics. 2016 Feb 11;pii: jpet.115.2304009.

129
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Hypoxia - a state of lower oxygen demand - is resfme for a higher
aggressiveness of tumors and therefore a worsenpsey During
hypoxia, several metabolic pathways are re-organieey. energetic
metabolism, modulation of pH, calcium transport.loten is an
important second messenger that regulates varfgtyosesses in the
cell. Thus, aim of this work was to compargSHmodulation of the
intracellular calcium transport systems in hypoaral in cells grown
in standard culture conditions. For all experiments used ovarian
cancer cell line (A2780). ¥$ is a novel gasotransmitter, known to be
involved in a modulation of several calcium transmystems, thus
resulting in altered calcium signaling. Two modefshypoxia were
used in our study — chemical (induced by dimethallgk glycine) and
2% O hypoxia, both combined with a treatment using @avsH,S
donor GYY4137. In hypoxia, we observed rapid chanigecytosolic
and reticular calcium levels compared to cells grow standard
culture conditions and these changes were even magerrated
when combined with the GYY4137. Changes in a caiciu
homeostasis result from 4P receptor’'s upregulation and
downregulation of the SERCA 2, which leads to aeflgyment of the
endoplasmic reticulum stress. Based on our resudspropose a
higher vulnerability of calcium transport systenasH,S regulation
under hypoxia.

This work was supported by grants APVV-14- 0351 VAFD045-11,
and VEGA 2/0082/16.
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A Novel Quantitative Analysis of Polysulfur by Modified
Methylene Blue Assay

Mayumi Ikedd, Yu Ishimd, Motonori Shibath Hiroshi Watanabe
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Sulfide Anti-Oxidant Buffer (SAOB), composed of OM sodium
salicylate, 0.12 M ascorbic acid and 2.2 M NaOHs waually used
for ion selective electrodes (ISE) to avoidSHoxidation in 1960s-
1970s. Interestingly, it was previously reportedttiplasma bS5
produced by SAOB reached to millimolar level.[1].dddition, Olson
KR interpreted that these,8 most likely came from thiol by the
reaction as follows; RSH + 20HROH + S + H,0 [2]. Therefore,
there is an ongoing debate about this origin ¢ hduced by SAOB
method yet. On the other hand, it was suggestddtimae protein like
albumin has polysulfur in its cysteine [3] and palfur might
possibly produce b6 with SAOB. In this study, we examined the
relationship between SAOB and thiol/polysulfur imnfan serum
samples. First, we detected3Hin human serum at millimolar level by
methylene blue assay using SAOB (MB-S). To clatifg origin of
H.S induced by SAOB, we purified human serum albuiiiSA)
from human serum, and then measured the amount,$fi the
purified HSA by MB-S. As the result, 8 was produced from the
HSA more than about 10 mol/mol HSA. We also condidrthat a
hydroxyl group was not induced from a thiol groug BAOB
reaction. Furthermore, some sulfane sulfur was @¢tected from the
purified HSA by SSP4 probe, which is one of thédanmé sulfur probes
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synthesized by Dr. Ming. These data suggest thdogemous HSA
play an important role as a reservoir of sulfarlusin human serum.
In conclusion, MB-S could be a novel quantitativealgsis to detect
the endogenous polysulfur or bound sulfur species.
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The Role of Reverse Transsulfuration Enzymes in Uerative Coli-
tis and Colitis-Associated Carcinogenesis

Paul Johnson, Mercy Misoi, Ches’Que Phillips, @ilm, John Zata-
rain, Aakash Gajjar, Suimin Qiu, Rui Wang*, Csaleal®, Celia
Chao, Irina Pinchuk, Mark Hellmich
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versity, Sudbury, USA

Objectives/Aims: Ulcerative colitis (UC) is a litelg inflammatory
disease of the colon and rectum often charactermedebilitating
symptoms such as stomach pain, diarrhea, inteshlesding and
weight loss. In addition to the morbidity, the rigkcolitis-associated
colon cancer (CAC) in UC remains higher than thiathe general
population. HS, a gasotransmitter, has been shown to exhibit ant
inflammatory effects in various disease states sischcute pancreati-
tis, sepsis, and asthma. In mammals, cystathiogamema-lyase
(CSE) and cystathionine-beta-synthase (CBS) arentijer enzymes
implicated in HS production during transsulfuration. Others have
shown that CSE is a major endogenouS4droducing enzyme in the
normal colons of mice and rats, protecting the madoom inflamma-
tory insults. However, little is known about théer@€ SE in human co-
litis and colitis-associated carcinogenesis. Weetghown that CBS is
elevated in human sporadic cancer and also is d¢aeldl in the pro-
gression of adenoma to adenocarcinoma in mouse lmode hy-
pothesize that the protective effects of CSE aseilohuman UC and
the dysregulation of the transsulfuration enzymes ienportant in
UC-associated carcinogenesis.

Methods: Fresh human tissue samples were obtanoed patients
undergoing colonoscopic screening for cancer imabrand UC in
compliance with protocols approved by the UTMB itosional Re-
view Board. Immunostaining followed by confocal naiscopy was
used to analyze the CSE and CBS expression in Bitiorescence
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was then quantified using the ImageJ softwareisital analysis was
performed using SPSS. To investigate CAC, we us$edchronic
model of inflammation combined with a mutagen. Toénic muco-
sal irritant, DSS, was administered for three, week cycles and
combined with a single dose of the mutagen AOMniduce CAC.

CSE null mice and wild type Sv129/B6 (WT) mice waeated over a
course of 80 days with this protocol. Animals teshivith DSS or
AOM alone were used as controls. Real time RT-P@Rstern blot
and confocal microscopy was used to assess theeg@nession. Size,
number, and time interval to tumor formation, adlwelammation

were assessed.

Results: Usingn-situ confocal microscopy of three normal and five
UC patient’s colons, we discovered that CSE proéipression was
significantly lower in UC when compared with nornmalcosa (Stu-
dent’s t-test, p < 0.0001). A decrease in CSE esgioa was also ob-
served at the mRNA level. The inflammation chanastie of UC was
validated by an increased presence of CD#Ematopoietic cells. Im-
portantly, similar to human UC, a significant dexge in the colonic
CSE expression was observed in WT animals treatiedrevith DSS
alone or AOM-DSS. Genetic abrogation of CSE expoesgsing CSE
null animals in the AOM-DSS model of acceleratedGCAesulting in
the increase of time to tumor development and arease in both tu-
mor size (p<0.001) and number (p<0.001), compared/T animals.
Interestingly, we observed a dramatic increasehen ldasal level of
cancer-promoting cytokine, IL-6, in the colon oftreated CSE null
animals compared to WT. Additionally, concomitarthwa decrease
in CSE, there was an increase in CBS protein egmesn all the
mouse colon tumors compared to normal colon mucasasistent
with our previous findings of human colon cancenaly, loss of
CSE promotes tumor spread, as indicated by thepcesof liver me-
tastases in the CSE null mice, an exceedingly fiading for the
AOM-DSS mouse model of CAC.

Conclusion: We show that human UC is associatet witreduced

level of CSE, and in a genetically modified mousedsi show that
loss of CSE accelerates colitis-associated careimegjs and metasta-
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sis. Furthermore, mouse colon cancer is assocwitidupregulation
of CBS. Taken together, our human and murine datgest that
dysregulation in the transsulfuration pathway maychtical contribu-
tor to CAC development and may serve as a potetatigét for diag-
nostic and/or therapeutic intervention.
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Activation of Nrf2/Trx-1 pathway by hydrogen sulfide attenuates
lipopolysaccharide-induced endoplasmic reticulum sess in rat
hepatocytes

Tao Wang, Cheng-ping Fei, Yu Wang, Xiao-Zhen LiixChHang Liu,
Zhen-yong Gu
Department of Forensic Medicine, Nantong Universitgnton, China

This study is to investigate the role of transaoiptfactor NF-E2-
related factor 2 (Nrf 2) and its downstream generéaoxin-1 (Trx-1)
in hydrogen sulfide(kB) protection against LPS-induced endoplasmic
reticulum stress in rat hepatocytes. ,SH donor sodium
hydrosulfide(NaHS) and lipopolysaccharide(LPS) ted\rf2 protein
expression upregulation in cytosol and nucleuseesely, ratio of
Nrf2 protein in nucleus and cytosol increased irSL&xception for
NaHS administration.Pretreatment of NaHS 1h prior EPS
administration induced significantly increased Npf®tein expression
in nucleus. 80% of Nrf2 protein expression was ighed following
Nrf2 siRNA transfection for 12h,accompanying reneallly decreased
HO-1 and Trx-1 protein expression of Nrf2 downstnegenesNrf2
siRNA transfection in part reversed the NaHS priecfrom LPS-
induced endoplasmic reticulum stress with enhar@G&#P78,CHOP
and caspase-12 protein expressions and decrealiedatdity. In
separate experiment, administration of LPS for é2ised Trx-1 and
TrxR protein expression upregulation in contrastNIKX protein
expression downregulation as well as increased GRFPHYOP and
caspase-12 protein expressions and decreased iebility. Trx-1
siRNA transfection aggravated LPS-induced the eoédn
GRP78,CHOP and caspase-12 protein expressions artterf
decreased cell viability. 50~2pmol/L NaHS significantly enhanced
LPS-induced Trx-1 and TrxR protein expression uplagpn but
suppressed the increased GRP78,CHOP and caspapesi€in
expressions and the decreased cell viability. Afaetioned effects of
NaHS were in part reversed by Trx-1 siRNA transtecThese data
implied that exogenous hydrogen sulfide attenudt®$-induced
endoplasmic reticulum stress in rat hepatocytes adgaivation of
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Nrf2/Trx-1 pathway.
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Slow sulfide donor GYY4137 differentiates NG108-16euronal
cells through different intracellular transporters than dbcAMP

Kubickova J, Hudecova S., Csaderova L., Soltysovd.ishvarova L.,
Lencsova L., Babula P., Krizanova O.

Institute for Clinical and Translational ResearciBiomedical
Research Center SAS, Bratislava, Slovakia

IP3 receptors (IP3Rs) are crucial calcium reledssncels localized
mainly on the endoplasmic reticulum (ER) that reéeaalcium from
these calcium stores. Up to now, three types afethreceptors were
identified, cloned and characterized — type 1, @& &n Although
several functions were attributed to these recsptibreir ability to
induce apoptosis and a change of cell’s plastimpngs to the most
important functions in cancer cells. H2S is knoven modulate a
variety of cellular functions. Nevertheless, its ygiological
consequences due to IP3Rs modulation are stilcowipletely clear.
We have shown that IP3Rs were modulated by H2%esa slow
sulfide donor GYY4137 was able to upregulate exgoes of the
IP3R1 and IP3R2 on both, mRNA and protein levelHHelLa and
ovarian cancer cells A2780 cells and increased rurob apoptotic
cells. Moreover, H2S-induced cytosolic calcium welsvated and
reticular calcium was depleted in a concentratiepeshdent manner,
partially through IP3Rs. Interestingly enough, iypbxic conditions
that significantly worsen tumor prognosis, H2S-ioeld increase in
IP3Rs and apoptosis was even more pronounced. ©athier hand,
in glioblastoma NG-108 cells, H2S released from @¥Y4137 was
able to significantluy change plasticity, similatly the cAMP boost.
Due to the GYY4137 treatment, these cells were gbato the
neuronal fenotype, which was accompanied by a rdpictease in
sarco/endoplasmic ATPase. Thus, H2S play an impontale in
cancer cell’s modulation, where H2S-IP3Rs inteoadis involved.
Supported by grants VEGA 2/0082/16, APVV 14-0351 &PVV
0045-11.
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H2S Augmentation Rescues Hypobaric Hypoxia Induced
Perturbation of Functional Hyperemia
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Hypobaric Hypoxia (HH) occurs at high altitude aisdassociated
with multiple pathophysiological conditions like A Mountain
Sickness (AMS), cognitive deficit etc (Wilson et, &009). Recently,
role of H2S in hypoxic cerebral autoregulation haen established
(Morikawa et al., 2012), however, its effect in text to HH induced
cerebral vascular homeostasis is not yet known.pragent study was
undertaken to investigate whether H2S regulates #&$idociated
conditions. We used zinc precipitation assay tosueaH2S levels,
interestingly, a significant lowering was obsenadter HH exposure.
Further, to understand how functional hyperemia, iamportant
phenomenon associated with increase in neuronavVitgctwith
increase in local cerebral blood flow (CBF) is peved during HH.
We utilized 'Whisker-Stimulation' protocol and reded changes in
CBF in barrel cortex area after rhythmic whiskemmsiation.
Intriguingly, a direct correlation between reduntio H2S levels and
functional hyperemia (average CBF change after kehistimulation
represented ag\BPU), concomitant with disturbed Glio-Vascular
homeostasis in brain was recorded under chronic déHditions.
Following this, pre-treatment with NaHS (4 mg/kg/dap.), an H2S
donor, under HH condition was found to rescue fianetl hyperemia ,
which was associated with significant increase i@ Hnd cGMP
levels in the brain. Thus, indicating role of H28gmentation in
controlling ‘*hypoxic cerebral autoregulation’ thglucGMP mediated
pathway. Additionally, H2S treatment also restordéi induced
perturbation of Glio-Vascular homeostasis. Theseultg, taken
together, suggest a critical role of H2S in regatatof functional
hyperemia besides Glio-Vascular homeostasis liksiywasodilation
of brain vasculature.
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Deficiency in renal erythropoietin production is a result of
impaired endogenous hydrogen sulfide
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Introduction: Anemia affects 90% of hemodialysidigrats and is a
tremendous concern for patients and healthcarade®/(1). Despite
the persistence of renal hypoxia in chronic kidmgsease (CKD),
interstitial fibrosis associated with CKD leads d@odysfunction in
erythropoietin (EPO) production in the kidney. Agesult, anemic
CKD patients are often treated with erythropoietiimulating agents
(ESAs), which are associated with many adversectsffencluding
hypertension and drug resistance, implicating adrfee alternative
treatments (2,3). Interestingly, hydrogen sulfideH2%), an
endogenously produced renal oxygen sensor moleil&gund at
lower levels in anemic patients (4). Taken together postulate that
H2S may be the primary mediator of EPO productionngd) hypoxia.
Our hypothesis was tested using both in vivo andical patient
samples.

Results: After 72 hours of 11% hypoxia, C57BL/6 G/Skice (mice
deficient in cystathioniney lyase, an enzyme responsible for
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endogenous H2S production), demonstrated signtfickower levels
of hemoglobin, EPO, and other HIF regulated genkesnwcompared
to wildtype C57BL/6 mice; this was rescued upon cewidaily
injection of 4mM/kg sodium sulfide (Na2S). This plenenon was
also reflected in the clinical setting, where unnBl2S and thiosulfate
levels of anemic CKD patients were significantlyvkr than CKD
patients who were not anemic. As urinary nitrate aitrite levels
(measured by HPLC) did not differ between the twougs, this
suggests that H2S, rather than nitric oxide, ipaoasible for EPO
deficiency.

Conclusion: Our findings demonstrate, for the ftnste, the interplay
between the production and actions of H2S duringpkia and EPO
production. This suggests that H2S donor molecoiag potentially
be a novel therapeutic strategy in treating ané€@Kb patients
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Hydrogen sulfide ameliorates renal graft necrosis ssociated with
prolonged cold storage and improves survival afteallogeneic re-
nal transplantation
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Organ procurement is inherently associated withasta-reperfusion
injury (IR1), resulting from loss and subsequendtoeation of blood
flow, which is detrimental to short- and long-tegraft function and
survival (1-3). Treatment of donor organs with dnmablecules such
as hydrogen sulfide (H2S) is a novel method of nhatthg prolonged
IRI during renal transplantation (4). We postulatieat H2S treatment
during prolonged cold storage could mitigate IRduned renal allo-
graft injury following allogeneic renal transplatiten (RTx). Follow-
ing bilateral native nephrectomy, recipient Lewassrunderwent RTX
with kidneys obtained from Brown Norway donor rdtsat were
flushed with either University of Wisconsin presaien solution
(UW group; n=8) or UW + 15@M NaHS (H2S group; n=8) and
stored for 24 hours at 4°C in the same solutiomnskurgeries (mid-
line incision only; n=5) were also performed andhais were moni-
tored for 14 days to assess allograft function sudvival. An addi-
tional subset of donor kidneys in each treatmemugr(n=6 per
group) were perfused with pM Ethidium Homodimer-1 (EthD-1)
immediately following cold storage and analyzed fWismrescent mi-
croscopy for in situ characterization of tissuerosis. ATP levels
were also measured to assess the metabolic stdtof kidneys fol-
lowing cold storage. H2S treated animals exhibggphificantly im-
proved (p<0.05) survival and markedly decreasednsetreatinine
compared to UW treatment alone. Donor kidneys smphted with
H2S exhibited significantly decreased (p<0.05) EthBtaining and
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markedly improved ATP levels compared to UW tredtetheys im-
mediately following cold storage. H2S treatmentigaites IRI associ-
ated with prolonged cold storage and acutely imgsassubsequent al-
lograft function and survival. H2S appears to litissue necrosis and
may maintain cellular metabolism during prolongettistorage.

H2S treatment could represent a novel and costtefee method of
protecting kidneys during transplantation and imprg clinical
transplant outcomes.
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Hydrogen sulphide induces HIF-In and Nrf2 in THP-1
macrophages
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The transcription factor HIFel (hypoxia inducible factord)
regulates the adaptive response of cells to hypaxid oxidative
stress. In addition, an important regulatory raeHIF-1a in immune
reactions and inflammation is suggested. The ptesedy attempts to
investigate the effect of the gaseous signallingeode hydrogen
sulphide (H2S) on HIFdin THP-1 macrophages using the slow H2S
releasing donor GYY4137. We found that H2S indudéiF-1a
protein accumulation in THP-1 macrophages in a eptration-
dependent manner. Western blot analysis of cedtitlas showed that
HIF-1a protein translocates into the nucleus and leadmtocrease
of its target protein glucose transporter-1 (GLUT-Activation of
nuclear factomB (NF-0B), as well as secretion of the pro-
inflammatory cytokines tumor necrosis factor-(TNF-a) and
interleukin-6 (IL-6), were reduced in the presermfeH2S. These
findings indicate that HIFd accumulation due to H2S was not
triggered by the NFrB pathway. The antioxidant pathway Nrf2/HO-1
(nuclear factor erythroid 2-related factor 2/hemggenase-1) was
activated by H2S. Inhibition of the p38 mitogenkaated protein
kinase (MAPK) reversed H2S mediated effects, sugggeshat the
p38 MAPK pathway may be involved in H2S induced HNrf2
signalling pathways.
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Gastroprotective effect of hydrogen sulfide and cdvon monoxide
against aspirin-induced damage: involvement of hemexygenase-
1 and transcription factor Nrf-2
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Constitutive heme oxygenase (HO)-2 and inducible-H@re two
catalytically active enzymes involved in heme ddgten leading to
production of endogenous carbon monoxide (CO)aét heen shown
that CO exerts anti-inflammatory and protectiveivagt within
gastrointestinal (Gl) tract. We investigated if @@ducing HO-1 is
regulated by nuclear factor (erythroid-derived iR§12 factor (Nrf2)
in gastric mucosa with aspirin (ASA)-induced injuaynd whether
increased content of CO released from its donor,
tricarbonyldichlororuthenium (Il) dimer (CORM-2) raaffect this
NSAID-induced gastric damage. Moreover, we focusadpossible
role of hydrogen sulfide (H2S) in regulation of egdnous CO
content in gastric mucosa. Male Wistar rats wesdrpated with 1)
vehicle (saline), 2) CORM-2 (5 mg/kg i.g.), 3) NakBsmg/kg i.g.),
4) zinc protoporphyrin (ZnPP, 5 mg/kg i.p.) as ahibitor of HO-1 or
5) hemin (5 mg/kg i.g.), an inducer of HO-1. Af&J minutes, ASA at
a dose of 125 mg/kg was administered i.g. to indyestiric damage.
The area of ASA-induced gastric mucosal damage evaduated
macroscopically 1 hr later by planimetry. Gastrioda flow (GBF)
was measured by laser Doppler flowmeter. CO contengastric
mucosa was determined by gas chromatography. H@®ugtion via
CSE/CBS pathway was determined by methylene blu¢hade
Protein and mRNA expression for HO-1, HO-2, Nrfrizlanduced by
inflammation cyclooxygenase (COX)-2, inducible iaitr oxide
synthase (INOS) and ILBlwas measured by Western Blot and/or
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real-time PCR, respectively.

Administration of ASA (125 mg/kg i.g.) caused sevgastric damage
and significantly decreased GBF and CO contentaistrgc mucosa.
Protein and mRNA expression for HO-1 and Nrf-2 wiasreased,
while HO-2 expression was downregulated. CORM-2elsed ASA-
induced gastric damage and increased GBF while ZmRfémin did
not. CO donor significantly (p<0.05) enhanced mR&¥pression for
HO-1 and Nrf-2, increased CO content in gastric @sac and
downregulated INOS, COX-2 and IB1mRNA expression and
inhibited H2S production. NaHS increased GBF ancertex
protection against ASA-induced gastric damage &iled to affect CO
content in gastric mucosa. However, pre-treatmeinth WWaHS
decreased HO-1 mRNA expression. We conclude thaai@CH2S are
involved in protection against ASA-induced gasttaamage but these
gaseous mediators acts independently each otheregwaation of
HO-1/Nrf-2 pathway. Increased gastric mucosal auntef CO,
produced by HO-1 expression and activity and relédsom CORM-
2 protects gastric mucosa against ASA-induced igadémage via an
enhancement in GBF and anti-inflammatory propediethis gaseous
mediator. This study was supported by a grant fiational Science
Centre in Poland (UMO-2014/15/N/NZ4/04564).
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Materials Approaches toward Targeted Delivery of Hylrogen
Sulfide: Polymer Nanoparticles and Peptide-Based Hirogels

Matson J. B.
Virginia Tech, Department of Chemistry, BlacksbWw§A

The majority of biological studies on hydrogen &ldf (H2S) have

been carried out with systemically administered Ismalecule H2S

donors, most of which have little tissue specificiast release, and
the potential for off-target effects. We addresssthshortcomings by
developing new materials with the potential for ighhdegree of

control over the rate and location of H2S delivdBgsed on the S-
aroylthiooxime functional group, [Foster et al.,12] which releases
H2S in response to a thiol trigger, we have dewsdopwo new

materials-based approaches for H2S delivery. Th&t fapproach,
which is suitable for systemic delivery, includesnoparticles based
on amphiphilic polymers. [Foster and Matson, 20IH¢ amphiphilic

polymers include a hydrophobic segment that dreedtassembly in
water to form nanoparticles. The rate of H2S reed®m the

nanoparticles can be controlled by modifying selvgrarameters,
including the polymer block lengths and the cowdisi of assembly.
Our biological studies on this system focus on eami@atment using
H2S delivered at a controlled rate through delivefyhanoparticles.
The second approach is suitable for localized degjiand is based on
short peptides with appended S-aroylthiooximes floatn robust

hydrogels in water. [Carter, 2015] Gelation occunsnediately upon

charge screening, making these gels suitable fanvia delivery to

release H2S specifically at an area of intereste Peptide gels
disassemble upon H2S release over the course efadwurs into

degradable oligopeptides. We are measuring theapgmgenic

response of endothelial cells in response to H2&ased at various
rates in hydrogels with varying moduli.
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Effect of Treatment with AP39, a Mitochondria-targeted Slow-
H2S-releasing Drug, on Mitochondrial Respiration in
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Introduction: The aim of this project was to invgate if exogenous
H2S supplementation, using the drug AP39, can miahitochon-
drial respiration in anaesthetized and mechanicadigtilated mice
undergoing trauma. Impairment of mitochondrial fime by oxida-
tive and nitrosative stress was found to be crlycialvolved in the
development of posttraumatic multiple organ failyge H2S in low
doses, serving as an electron donor for the mitodhal electron
transfer system, can stimulate mitochondrial regmn3. The admin-
istration of H2S by the slowly-releasing drug AR8&ht be advanta-
geous, since the compound contains a mitochonarigeted motif4.
AP39 indeed proved to elevate mitochondrial H2&lewand to have
protective effects on mitochondria in endotheliall in vitro4. The
effects of AP39 on mitochondrial respiration hawt yet been inves-
tigated in an in vivo model. Methods: C57/BL6 migederwent blast
wave-induced blunt chest trauma and directly afseds were surgi-
cally instrumented to allow for mechanical ventdatand monitoring
of hemodynamic and metabolic parameters. Hemorriaggeinduced
by blood withdrawal to a target mean arterial puesof 35 mmHg
and maintained for 1 h. Resuscitation involveddladministration,
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noradrenaline infusion (n=10), and, for two of tireups, infusion of
AP39 (100 nmol/kg (n=8) or 10 nmol/kg (n=3)), chosmsed on pre-
vious studies in mice5. Four hours later animalsewsacrificed and
mitochondrial respiration of kidney, liver, hearidadiaphragm was
investigated via high-resolution respirometry.

Results: Oxygen consumption during oxidative phosghation at
saturating ADP concentrations as well as in th& Eate and the un-
coupled state were analysed. AP39 treatment waslftmuhave no ef-
fect on these parameters. The activity of Complek &nd IV alone
were unaffected as well. No differences in the ofitondrial ATP pro-
duction-related oxygen consumption could be deteethbetween the
AP39 treated and untreated mice.

Conclusion: The mitochondrial respiration of kidneyer, heart and
diaphragm remained unaffected by high-dose anddose AP39

treatment in murine polytrauma. Due to its novelbyfar only scarce
data are available on the efficacious dosage otdngpound, thus the
chosen doses might not be optimal to achieve thengally benefi-

cial effect of AP39 in this model. 100 nmol/kg AP&8s not well tol-

erated by the animals and showed possible toxectsff 10 nmol/kg
AP39 was better tolerated by the animals, but imeftame of the

treatment might be too short to exert its effecinatochondrial func-

tion.

Acknowledgements: Supported by the DFG (CRC1149)
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Porcine Coronary Artery CSE, CBS, and 3-MST Expres®n after
Resuscitated Septic Shock with Pre-existent Atherokerosis

Tamara Merz T.M, Tatjana Stenzel T.5.Benedikt NuBbaum B.K?,
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Introduction: A down-regulation of the H2S-catalygi enzymes
cysthathioniney -lyase (CSE) and cysthathiorfe-synthase (CBS) is
associated with chronic cardiovascular pathology, bypertension,
and atherosclerosis. Nevertheless, equivocal datavailable on both
the expression and the function of these enzymesronary arteries
(CA).3-7 Septic patients with CA disease (CAD) asported to

present with impaired myocardial compliance in cangon to

patients without CAD.1 Thus to understand the erdogs source for
H2S synthesis in the CA, we investigated pigs weit) pre-existing
cardiovascular co-morbidity in septic shock.

Methods: Anesthetized and instrumented FBM (familleDL-
receptor-/-) pigs with high fat diet-induced hygestesterolemia and
atherosclerosis2 underwent poly-microbial septmc&kh(n=5) induced
by inoculation of autologous faeces into the aba@incavity, or sham
procedure (n=5), and subsequently received intersave therapy for
24 hours. German domestic pigs (YGP, n=5) were wsedative
controls. CSE, CBS and 3-MST expression was quedtiby
immunohistochemistry  (densitometric image analysiZeiss
Axiovision) of formalin-fixed paraffin sections fro CA.

Results: CSE expression was decreased in the maktha CA due to

the CAD 11 (9;14) vs 7 (6;9) -107 and even moren@unced with
combined CAD and sepsis 2 (2;3) -107 (p=0.003)S @Botein was
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not detected in the media of any of the CA examired was seen
localized to the adventitia. Surprisingly, moder&@BS expression
was found only in the atheromatous plaques of éptic CA. 3-MST
expression was not found in any of the CA.

Conclusion: Decreased CSE expression in porcinen@s found in
the atherosclerotic co-morbidity group and thisrdase was even
more pronounced in septic group. Endogenously sgitkd H2S not
only protects cardiac and vascular tissues frorheisgc challenges
but is also a potent vasodilator.5,6 Diminished ogygthous H2S
release may be implicated in the lower cardiac wugmd decreased
oxygen transport reported for septic patients W&D.1
Acknowledgements: Supported by the DFG (CRC1149)
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Modulation of Rat Hemodynamic Parameters by Intravenous
Administration of Hydrogen Sulfide
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The arterial pulse waveform (APW) gives useful mifation on the
cardiovascular system. Details of APW reflect fumts of all compo-
nents of cardiovascular system, including hearttion, vessel elas-
ticity, intracellular signaling through differenaghways, conductivity
system, function of membrane channels, etc. Thexeto elucidate
complex biological properties of H2S, we studiesiaffect on 13 rat
hemodynamic parameters, which were obtained froMVAP

The right jugular vein of anesthetized Wistar natss cannulated for
Na2S (H2S-donor) administration. The left carotittiey was cannu-
lated, and fiber-optic pressure transducer was tsetbtect APW at
high resolution. Na2S (12 pmol/kg) had transiens-® min) effects

on hemodynamic parameters. It decreased systdlicd&stolic blood

pressure; increased pulse pressure; decreased ragartincreased
dP/dtmax; decreased relative level of dP/dtmaxreimsed negative
dP/dtmin; increased negative relative level of ¢iRid; increased sys-
tolic and diastolic area; decreased dicrotic natelative level; in-

creased dicrotic notch delay and decreased dicnatich relative de-
lay. The results may stimulate further studies $sign the H2S in-
duced changes of the hemodynamic parameters forkgon of spe-

cific component(s) of cardiovascular system andidate its molecu-
lar mechanism of action.

This work was supported by the Slovak Grant Agency
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Bs adrenergic receptor activation relaxes human corpus
cavernosum via cGMP/ hydrogen sulfide-dependent mbanism
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Introduction Human penile erection is a result of several comple
neuronal and hemodynamic mechanisms. The balanteede
contracting and relaxant factors represent the ikeye to achieve
penile erection. It is now well accepted that nimkide (NO) plays a
major role in induction and maintenance of erectresulting in
sinusoids expansion and increased intracavernoessyme (Burnett
1995;Khan et al. 2000). However, alternative reigqpathways have
been widely described (Cirino et al. 2006; Kharalet2000; Jin and
Burnett 2006). Indeed, it has been reported paaddrenoceptor are
expressed in human corpus cavernosum (HCC) andoasdized
mainly in smooth muscle cells (Cirino et al., 2Q0®) adrenoceptor
stimulation relaxes HCC strips in a cyclic guanesmonophosphate
(cGMP)-dependent and NO-independent mechanismn{Ciet al.
2003). Thereforef}z adrenoceptors play a physiological role in penile
erection, although the mechanism is still unclédore recently,
hydrogen sulfide (bB) has been suggested as a relaxant signal
molecule involved in penile erection (d’Emmanueil&/itla Bianca et
al., 2009). Cystathioninp-synthase (CBS) and cystathioninelyase
(CSE) are constitutively expressed in HCC but C&fEar than CBS
IS more abundant in human penile tissue (d’Emmanukl Villa
Bianca et al., 2009). Additionally, it has been destrated that H2S
inhibits phosphodieserase increasing cGMP levale¢Bet al., 2010).
Therefore a link between cGMP and H2S exists.
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Aim To investigate the possible involvement ofSHpathway in HCC
and penile artery relaxation inducedfiayreceptor stimulation.

Methods A relaxation response-curve to BRL37344 psgselective
agonist, has been performed in HCC strips or peanilery rings in
presence of CSE inhibitor.,8 generation and cGMP content has been
measured in HCC and in human penile artery samptedated with
BRL37344. In order to better define the mechanigsghamacological
approach has been operated.

ResultsBRL37344 relaxes in a concentration dependent manGe
strips as well as penile arterial rings. BRL373ddtced effect is
significantly reduced by CSE inhibitor. The stintida of
Bsadrenoceptor significantly increasesSHproduction in both HCC
strips or penile artery samples. This effect isiigantly reduced by
either protein kinase G or CSE inhibitor, andpgwntagonist. Finally
the BRL-increase in cGMP is significantly reducgdQSE inhibition.

ConclusionsBRL37344-induced relaxation in HCC and penile arter
occur by cGMP/HS-dependent mechanisms. Mirabegron®,Aa
agonist, has been recently approved by FDA for foweary tract
symptoms (LUTS) treatment. LUTS and erectile dysfiom are
strongly associated in men and share several pessdihogenetic
mechanisms. Therefore, a therapy wfth agonists may open new
frontiers in the treatment of patients affected_byS associated with
erectile dysfunction.
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Aim: Nitric oxide (NO), carbon monoxide (CO), angdnogen sulfide
(H2S) are endogenously produced gasotransmittésiging crucial
roles in various cellular events. In pancreaticues, accumulated
lines of evidence indicate that these gases arelvieg in
pathophysiology of diseases including inflammatiand diabetes.
Regarding underlying mechanisms, while each bivadas exerts its
function via respective cascade, recent studiedigatp that these
gases interplay in complicated ways, leading tedig cellular effects
by still unknown synergistic mechanisms. In thespré study, an
attempt was made to elucidate the cross-talk antibeghese gases,
especially from a view point of potential effects iatracellular Ca2+,
one of essential second messengers, that regulatesus cellular
functions in freshly isolated pancreatic islets anthle b-cells of the
rat.

Methods: Pancreatic islets were isolated enzymbtiqaurified, and

dispersed into single b-cells. Immunofluorescentecteon of gas-
producing synthases was carried out in single Ils-agith specific

antibodies. Changes in intracellular Ca2+ concéntra([Ca2+]i)

were examined fluorometrically using fluo-4. CedluNO production
was monitored using DAF-2. CO release to the intabanedia of b-
cells was estimated by carbonmonoxy myoglobin fdimmawith CO-

releasing molecule-2 (CORM-2) as a standard. CalluH2S

accumulation was examined using a polysulfide pr@&#P4. Basal
insulin secretion from the intact islets was meadwrith a rat insulin
ELISA kit.

Results: All major constitutive synthases for NQD,Gand H2S were
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found to be expressed in single b-cells (Fig. 1A-DPRM-2 and
NaHS increased the NO production (Fig. 2A-D). CORMnd SNP
elevated SSP4 fluorescence (Fig. 3A-D). The CO- fidinduced
H2S production was partially inhibited by hypotaai an H2S
scavenger (Fig. 3E, F), suggesting that the flumm®ese increase in
SSP4 is associated with the H2S production. SNP HatHS

accelerated the CO production (Fig. 4A-C). In thesemce of
extracellular Ca2+, a calmodulin antagonist (SKKFIA)

significantly attenuated the NO production by CCH@S (Fig. 5A, B)

and the H2S increase by CO or NO (Fig. 5C, D), tha CO

production by H2S or NO was unaffected (Fig. 5E, [a2+]i

increase induced by H2S was significantly inhibitedhe absence of
extracellular Ca2+ but that by NO (except for bye thighest
concentration) or CO remained unchanged (Fig. 6AM) dose-
dependently stimulated the basal insulin release ®@ dose-
dependently inhibited it. H2S showed an insigniiicaffect on the
basal insulin secretion from freshly isolated paatc islets (Fig. 6A-
C).

Conclusions: It was presumed that one of three syase produce
other two gases. CO and NO were thought to indhee[Ca2+]i
increase mainly via Ca2+ release from internalestoin contrast, H2S
was assumed to induce the [Ca2+]i increase, toge lextent, via the
influx of extracellular Ca2+. Based upon theseifigd, we concluded
that there is a synergistic cross-talk among tiyseses with respect to
their production and intracellular Ca2+ dynamicdjick result in
diverse effects on the basal insulin secretion. pivetal cross-talk
among NO, CO and H2S most likely regulate cellditarctions via
the modulation of intracellular Ca2+ homeostasipancreatic b-cells
of the rat.
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Sodium thiosulfate prevents chondrocyte mineralizabn and
reduces the severity of murine osteoarthritis
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Objectives:  Calcium-containing  crystals, which  enpass

hydroxyapatite (HA) crystals, participate in thethmgenesis of
osteoarthritis (OA). Sodium thiosulfate (STS) hasrboshown to be an
effective treatment in calcification disorders sashcalciphylaxis and
vascular calcification. This study investigated tldfects and

mechanisms of action of STS in chondrocyte cakiion and in a
murine model of OA.

Methods: Murine chondrocytes were treated with FSwith H2S

donors (NaHS and GYY4137). Chondrocytes calcifaratiand

chondrocytes IL-6, MCP-1 and reactive oxygen sgdROS)

production upon HA crystals stimulation were asgay®TS's effects
on genes involved in calcification, inflammationdacartilage matrix
degradation were studied by gRT-PCR. Finally, SES administered
in the menisectomy model of murine OA, and the affen

periarticular calcific deposits and cartilage degtioon was
investigated by micro-CTscan and histology.

Results: In vitro, STS prevented in a dose-dependeanner
chondrocyte calcification as well as HA crystaldacdd IL-6 and
MCP-1 production by chondrocytes. STS also had m@tmxadant
effect by diminishing HA-induced ROS generation aasiogating
HA-induced catabolic responses in chondrocytes. tNtaportantly,
the anti-mineralizing and anti-inflammatory effea$ STS can be
reproduced with NaHS and GYY4137. In vivo, admirggon of STS
ameliorated the histological severity of OA, by ilimgy the size of
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new periarticular calcific deposits and reducing teeverity of
cartilage damage.

Conclusions: STS reduces the severity of periddicaalcification

and cartilage damage in an animal model of OA tgainhibitory

effects on chondrocyte calcification, and its attion of crystal-
induced inflammation as well as catabolic enzymesl &0S

generation. As STS anti-mineralizing and anti-imftaatory effects
can be reproduced with NaHS and GYY4137, our stidygests that
H2S donors may be of therapeutic interest as déseeslifying drugs
in crystal-associated OA.
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Chronic H2S treatment protects vascular function byreducing
oxidative stress in diabetic mice
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Bundoora, Australia

Hydrogen sulfide is endogenously produced in vasctissue, has
vasoprotective properties and may be a useful pleeitec agent under
conditions of increased oxidative stress. This stulglvestigates
whether chronic treatment with H2S via the fastatoNaHS could
elicit a vasoprotective effect in diabetes, whéreré is known to be
increased oxidative stress and endothelial dysibmcDiabetes was
induced in male C57 mice with streptozotocin (6Gkggdaily, ip for
10 days) and confirmed by elevated blood glucoseHipA1C levels.
Following a further 2 weeks, mice were then treatath NaHS
(100umol/kg/day) for 4 weeks, then tissues collkctcetylcholine
mediated, endothelium dependent vasorelaxationpreksation to
the NO donor sodium nitroprusside, NO bioavail@piland eNOS
expression were all significantly inhibited in detiec aortae (p<0.05),
but NaHS treatment restored these responses. Bsbetuced
increased vascular superoxide generation via NADBXdase
(p<0.05) and increased Nox2 expression (p<0.05) lwese were
inhibited by NaHS treatment. H2S bioavailability svalecreased
whilst cystathionine~lyase (CSE) expression was increased in
diabetes (p<0.05) but NaHS treatment restored tlesgmwnses. These
data show that chronic NaHS treatment protects teetal function
and both endogenous NO bioavailability and exogene® efficacy
in this model of diabetes and vascular disease. Naigatment
reduces oxidative stress in this model of diabdigsinhibiting
vascular superoxide production via Nox2. FinallgS3-bioavailability
is reduced in this model of diabetes, despite ssme in CSE
expression. Interestingly, both these effects de ameliorated by
NaHS treatment. Thus H2S treatment is beneficialremersing
endothelial dysfunction and oxidative stress is thodel of diabetes.
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Ageing is associated with the progressive accunaulaif detrimental
changes and increasing susceptibility to age-dependiseases and
death. There is emerging evidence that hydrogeideu{H2S) has
profound effects on a wide range of physiologigalcgsses, including
ageing [1] and ageassociated disorders [2, 4, B].7GYY4137, a
slow H2S release donor drug has been shown prdyitmgpromote
longevity extension and delay deterioration of egjated physiologi-
cal function in Caenorhabditis elegans (C. eleg$Bis)We have de-
veloped a novel H2S donor drug, FW1256 and examimelts effect
on lifespan in C. elegans. FW1256 has been designledve a higher
H2S release rate than GYY4137. Our preliminary ddtewed that
500uM of FW1256 robustly prolonged lifespan of wild &/g.elegans
by 14% (26.2 + 0.3 days, P<0.0001) compared torob(23.4 + 0.3
days) in terms of mean lifespan and also promoeadtin span of wild
type C.elegans significantly. Recently, Hine antleeagues have re-
ported that induction of H2S synthesis is a necgssaent for the
lifespan extension effect of dietary restrictiorRID10]. DR not only
extends lifespan, but also prevents the progressfoseveral age-
associated diseases in many species [3, 6]. Helimegvery of DR
mimetic drugs that could replicate DR associatéelces in living or-
ganisms is of great interest. Our preliminary dataws that the rate
of development of wild type C.elegans exposed @ubd0 of FW1256

168



is slower than untreated wild typ€.elegans and is similar to eat-2
mutant C.elegans, a genetic model of DR. We hartaduinvestigat-
ed the possibility that FW1256 may act as a DR rtigrand replicate
some of the beneficialeffects of DR in C. elegans.
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Introduction: In sepsis, cardiac function is freqgie depressed,
termed septic cardiomyopathy, and characterised degreased
ejection fraction (EF) and compensatory ventricutblatation to
maintain stroke volumel. This adaptive cardiac sasp has mainly
been demonstrated in patients or animals withoetegisting cardiac
disease and/or without vasopressor support anchasght to be
dependent on nitric oxide (NO)2. Atherosclerosisaisfrequently
encountered cardiac comorbidity on ICU and assediatith reduced
availability of NO5 and hydrogen sulphide (H2S)shefefore, we
tested the hypothesis that pre-existing atherassierlters the typical
picture of sepsis-induced cardiomyopathy.

Methods: Faecal peritonitis was induced by inocoitabf autologous
faeces into the abdominal cavity in n=8 anesthdtaed instrumented
familial LDL-cholesterol-receptor-/- FBM pigs withigh fat diet-

induced hypercholesterolemia and atherosclerosks® w=5 animals
underwent sham procedure. Pigs received intensve therapy for
24 hours comprising crystalloids and norepinephrintision to

maintain mean arterial pressure (MAP) at pre-seyaiges. Before,
12 and 24 hours after induction of peritonitis, \wesessed LV
function, systemic and pulmonary haemodynamics fuéssure-
conductance and pulmonary artery catheterisatidada are medians
(range).

Results: EF and left ventricular end diastolic wo&u (LVEDV) did

not significantly change during sepsis. Dp/dt magnificantly
increased from 1571 (1341; 2025) mmHg/s to 315M415122)
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mmHg/s after 24 hours of sepsis and the isovolureiexation
constantr significantly decreased from 28 (25; 38) ms to(18; 23)

ms. Cardiac nitrotyrosine formation significantlycreased in septic
animals compared to sham (p<0.002) whereas expressif
cystathioniney-lyase (CSE), an endogenous H2S-producing enzyme
significantly declined (p=0.01).

Conclusion: The data of the present study are inflicb with

previously published data from healthy animal medslost likely as
a result of on-going resuscitation including nongphrine infusion
and intrinsic pathophysiologic processes of the -gxisting

atherosclerosis. Moreover, increased nitrotyrosfoemation and
decreased expression of CSE suggests the imphcatioreduced
bioavailability of NO and diminished endogenous H2fase in the
pathophysiology of septic cardiomyopathy.
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Introduction: Both the administration of exogen®isS2,3 as well as
the inhibition of H2S-producing enzymes1 have begorted to exert
beneficial effects in haemorrhage. After cardiacestt the novel
mitochondria-targeted H2S-donor AP39 improved sualvi and
neurological outcome5. In the current study, wesssd the effects of
AP39 during murine resuscitated haemorrhagic siottkblunt chest
trauma.

Methods: Anaesthetised, spontaneously breathinge @57BL/6J)
were subjected to blast wave-induced blunt chestinte. After
initiation of mechanical ventilation and instrumaidn, mice
underwent 1h of haemorrhage (mean arterial pressure
(MAP)=35mmHg) followed by 4h of resuscitation comsprg re-
transfusion of shed blood, fluid administration, renephrine
infusion to maintain MAP>50mmHg and lung-protectivechanical
ventilation. Additionally, mice received a bolus jaction of
100nmol/kg of the H2S donor AP39 (n=7) or vehicieq) at the end
of 1h of haemorrhage. Haemodynamics, lung mechangzs
exchange and acid-base balance were measureddpgeth visceral
organ function. Data are medians (range).
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Results: Administration of AP39 significantly deased survival time
(p=0.003). MAP was significantly lower in AP39-tted mice (45
(38;53) vs 58 (54;63) mmHg, p=0.007) despite sigaiftly higher
norepinephrine requirements (0.31 (0.25;0.63) ¥6;0) ug x kg-1 x
min-1, p=0.003). Metabolic acidosis was more pravoad with lower
pH (7.21 (7.11;7.27) vs 7.34 (7.29;7.39), p=0.08) anore negative
base excess (-10.1 (-16.8;-7.5) vs -5.5 (-10.5;-thinol/l, p=0.04)
with AP39. AP39 treatment resulted in significantiecreased
Horowitz index (375 (338;393) vs 450 (402;469) mmpg0.01).

Conclusion: In contrast to the beneficial propertié AP39 following

cardiac arrest5, AP39 exerted deleterious effetteur resuscitated
model of haemorrhagic shock with blunt chest traupassibly due to
its dose and time of administration. AP39-induceduction of blood
pressure4 may be responsible for the increasedpine@hrine

requirements and might at least partially expldie tdetrimental
effects during traumatic haemorrhagic shock.

Supported by the DFG (CRC1149).
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Introduction: We previously demonstrated that iedalhydrogen
sulfide (H2S) increased glucose oxidation in arfedsted mice
during hypothermia3 whereas normothermia or sephkiated this

effect6. In contrast to the well-established meliakeffects of H2S in
small mammals, the influence of H2S on metabolisrtaige animals
is controversial. Both the absence of metaboliecfl as well as
reduction of energy expenditure2 was reported. kbheg reduced
H2S production is associated with development bemtsclerosis5.
Therefore, we evaluated the metabolic effects ef sfow-releasing
H2S donor GYY4137 during resuscitated septic shockwine with

pre-existing atherosclerosis.

Methods: 12 and 18 hours after induction of fecakitpnitis,
anaesthetized and instrumented LDL-cholesterolptece€- pigs with
high fat diet-induced hypercholesterolemia and raibeerosis4
received either 10 mkpg-1 of GYY4137 (n=9) or vehicle (saline,
n=8). Animals underwent intensive care therapy &% hours
comprising crystalloids, norepinephrine infusion r@intain mean
arterial pressure (MAP) at pre-sepsis values amgpéeature control.
Before, 12 and 24 hours after induction of pertisniwe assessed
calorimetric oxygen uptake, carbon dioxide productiand blood
gases. During infusion of stable, non-radioactivelgbelled
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1,2,3,4,5,6-13C6-glucose, measurement of tracerchenent in

plasma by combined gas chromatography/mass spestiponand

analysis of 13CO2 enrichment in the expiratory lgsion-dispersive
infrared spectrometry allowed quantification of egenous glucose
production and aerobic glucose oxidation. Data expressed as
medians (range).

Results: MAP, heart rate, noradrenaline requiremeand body
temperature were similar between GYY and vehiclducGse

oxidation significantly increased in both groupteafl2 and 24 hours
compared to baseline values. However, GYY4137dckapigs

showed significantly higher tracer oxidation (446;%1) vs 29 (23;
33) %, p=0.008) and total glucose oxidation rat@ (0.9; 1.4) vs 0.5
(0.4; 0.6) mg-kg-1-min-1, p=0.005) after 24 houmssulting in

significantly higher requirement of exogenous ghea@administration
to maintain normoglycemia. While total CO2 prodantiremained
stable in 24 hours, CO2 production from glucosealation increased
in both groups and was significantly higher in G¥¥ated animals
after 24 hours (27 (23; 38) vs 21 (19; 22) %, pzD.Arterial pH and

base excess significantly decreased compared @ifasn the GYY

group and pH was significantly lower compared thiole after 24

hours (p<0.001), whereas lactate levels were coampar

Conclusion: In our study of resuscitated septicckhim swine with

pre-existing atherosclerosis, GYY4137 shifted melialm to

preferential carbohydrate utilization under coré&wlnormothermia.
As a result of increased glucose oxidation, acglosight be due to
accumulating ketone bodies.

Supported by the DFG (CRC1149) and the Perspektigfiing
Innovationsfond Medizin Land Baden-Wirttemberg.
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We have evidence that hydrogen sulfide (H2S)-relgasompounds
can relax pre-contracted porcine isolated irides,effiect that was
dependent upon endogenous production of both H28 an
prostaglandins, and on the activity of KATP chasn@ionjok et al.
Exp. Eye Res. 87: 612, 2008). However, H2S-relgasmmpounds
had no contractile action on basal tone in pordswated irides.
Purpose. The aim of the present study was to imgast the
pharmacological actions of H2S-releasing compoyhdHS and L-
cysteine) on basal tone in bovine isolated iridestthermore, we
studied role of prostaglandins and acetylcholinethe responses
elicited by the H2S-releasing compounds on thisugs Methods.
Isolated bovine iris muscle strips were set up Im cagan baths
containing oxygenated Krebs buffer solution mamedi at 37°C and
gassed with 95% O2: 5% CO2. The muscle strips aetr¢o a resting
tension of 0.3 g and longitudinal isometric tensizes recorded via a
Grass FTO03 force-displacement transducer and ahlydasing
PolyView Computer Software. Contractile responsesevelicited by
the H2S releasing compounds in the absence andenues
cyclooxygenase (COX) inhibitors (flurbiprofen amtlomethacin) or
the muscarinic receptor blocker, atropine. Isoldiedine irides were
also exposed to L-cysteine and tissues were preépime PGE2
Enzyme-immunoassay using a well-established metbgygoResults.
NaHS (1 nM — 1uM) and L-cysteine (100 nM - 1 mM) caused a
concentration-dependent contraction of isolatedr®irides yielding
EC50 values of 10 nM and 30, respectively. Both COX inhibitors,
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flurbiprofen (10 uM) and indomethacin (1QuM) abolished the
contractile actions of NaHS and L-cysteine on tigsue. Likewise,
atropine (1 nM — 10 nM) significantly (p < 0.00Iptagonized the
contractile response to NaHS and L-cysteine. Laigst (1 nM — 10
uM) elicited a concentration-dependent increase IIGEP
concentrations in both irides and in the incubatiedia indicating a
washout of prostaglandins from tissues exposed-tysteine. The
positive control, norepinephrine (M) also caused an increase in
tissue PGE2 concentrations over basal levels. Qsiwis: We
conclude that H2S-releasing compounds can elicittraotion of
isolated bovine irides, an effect that is dependgain the production
of endogenous prostaglandins and the release ofléuaine whose
pharmacological actions can be blocked by the nruscareceptor
antagonist, atropine. Furthermore, differencestexe&ween porcine
and bovine species in the ability of their irideseticit contractions to
H2S-releasing compounds.
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Nitroprusside [Fe(CN)5(NO)]2- is an electrophilimi@n reactive
toward diverse types of O-, N-, and S-binding nopleles. HS-
forms reversibly [Fe(CN)5(NOSH)]3—, an adduct thegjuilibrates
very rapidly with its isomer [Fe(CN)5(NSOH)]3- andith the
deprotonated [Fe(CN)5(NOS)]4- ion containing thérasiosulfide
(thionitrite) ligand NOS- (Iredimax, 535 nmg =6 + 0.3 x 103 M-1
cm-1).[1,2,3] The stretching frequenegO at 1370 cm-1 indicates a
strongly reduced nitrosyl-species with formally #roxyl (NO-)
ligand in the delocalized [S-N=0O]- moiety. Ired ¢tsaspontaneously
by homolysis of the N-S bond giving sulfur radic8ls which add to
HS- forming highly reactive HS2.2- radicals favgrim catalytic
generation of [Fe(CN)5(NQJ3- and hydrodisulfide, HS2-. Ired adds
sulfur through a HS2-/HS- interchange (transnitiosareaction),
giving [Fe(CN)5(NOS2)]4- (1550:Amax, 550 nm), also formed
through the reaction of [Fe(CN)5(NO)]2— with HS2550 contains
the nitrosodisulfide (perthionitrite) ligand NOS2and transforms into
the disulfur-bridged dimer, [(NC)5FeN(O)S-S(O)NFbB(G]6—- (I1575:
Amax, 575 nm). Both 1550 and 1575 display an equiliim redox
network also comprising [Fe(CN)5(NIB-/[Fe(CN)4(NO)]2- and
[Fe(CN)5(HNO)]3-, the one- and two-electron redoictproducts of
[FE(CN)5(NO)]2-, respectively. Under excess HS-75I5forms a
hyponitrite-bridged radical complex,
[(NC)5FeN(OH)=(O)NFe(CN)5]6- (1290:Amax, 290 nm) followed
by disproportionation into the closed-shell bridgadalog, with
concomitant release of [Fe(CN)S(NE3-. The
hyponitrous/hyponitrite dimers can be subsequemrtiuced by HS-
through proton-coupled electron transfers in the-rahbe 7-12
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leading to [Fe(CN)5(NH3)]3-, which forms [Fe(CN)53{8)]3-and
free NH3. Early production of N20 arises at pH'sl® through a
competitive decomposition of the hyponitrite dimand in a slower
way through NO-release from [Fe(CN)5(N{3-, rapid dinitrosyl
formation and disproportionation into [Fe(CN)5(N®j] and N20O.
The overall reduction process involves a seriegahd-based redox
reactions, from bound NO+ down to NH3. Free NO wdatected in
very low vyields, and some HNO probably generatethatuM/nM
level from the very inert [Fe(CN)5(HNO)]3- intermate. S8 is the
unique product of sulfide oxidation, and [Fe(CN)2®)]3—
decomposes slowly into [Fe(CN)6)]4- and free Fedtjua-ions. The
mechanism illustrates an active “NO/H2S” cross-talkolving three
redox-states of nitrosyl (NO+, NOe, NO—-/HNO) andfsu (HS—,
HS2-, So), and a discussion will be given on theclemical
significance of some of these species as potesigahling agents.[3]
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Three gaseous molecules have been identified adrgasmitters in
the last 10 years: hydrogen sulfide (H2S), nitriade (NO), and
carbon monoxide (CO). Each of these molecules dogenously
produced by different enzymes in various cell typed has multiple
roles in normal physiology and in the pathogenes$isancer. They
also own a "bimodal" pharmacological character tdase whether
they have an anti- or pro-tumor effect. The thresogransmitter
systems have not yet been studied simultaneouslyhéen same
experimental system. We have studied the expresdibi2S, NO and
CO generating enzymes in primary colon cancer éssand
surrounding normal tissues and in the HCT116 colmcer cell line,
and investigated the effect of pharmacological bittuin and

pharmacological donation of each of these tranemiton HCT116
cell proliferation. Enzyme expression was studied Western
Blotting; cell proliferation was studied using tK€elligence system.
There was an increased expression of the NO sygghB©OS, eNOS,
NNOS in colon cancer tissue (compared to surrogndarmal tissue)
and in HCT116 tumor cells (compared to the nondi@med

epithelial cell line NCM356). Moreover, there was iacrease in the
H2S-producing enzymes CBS (cystathionine-beta-ggethand CSE
(cystathionine-gamma-lyase). In addition, there \@asupregulation
of heme oxygenase-1 (HO-1). Pharmacological inioibiof the H2S-
producing enzymes (aminooxyacetic acid [AOAA] tbilrit CBS and
CSE at 300 uM, Methyl-L-arginine [L-NMA] at 3 mM tmhibit all

NOS isoforms, zinc protoporphyrin [ZnPP-IX] at 10pto inhibit

heme oxygenase) that produce the three gasotraesnii2S, NO
and CO, as well as pharmacological donation of ezfcthe three
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gasotransmitters (using the mitochondrially targét®S donor AP39
at 30uM, the NO donor DETA at 100 uM and toe COalddORM3
at 10 pM) resulted in an inhibition of cell proliédion. These data
suggest that each of the three gasotransmitteyscplamparable, bell-
shaped roles in the control of HCT116 cell probtesn:
endogenously produced low-to-mid concentrationsd2®%, NO or CO
support HCT116 proliferation (and, consequentlibition of either
of them suppresses this response), while exogemeliwery of either
of the gasotransmitters H2S, NO or CO (using thespective
pharmacological donors) can also suppress thefgnation of the
HCT116 colon cancer cells.
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Centre, 339 Windermere Rd, London, Ontario, Caia 2V4 Par-
tial nephrectomy has emerged as a standard treatbpgon for small
renal tumors (1). It has been recognized that remadtion preserva-
tion impacts overall survival and controversy exisbout the real
functional benefit regarding zero ischemia pantiaphrectomy (PN)
in patients without chronic kidney disease (CKD). (& designed a
2/3 total nephrectomy porcine model to assess nidenying mecha-
nisms of ischemia reperfusion injury (IRI) after PNe evaluated in-
traoperative parameters, recovery of kidney fumgtitydrogen sulfide
(H2S) levels and histological changes. Domesticerpads (n=13) un-
derwent left lower pole 1/3 PN and allocated theitstandard (Group
1. 45 minutes of warm ischemia) or zero ischemia(Bhup 2); fol-
lowed by contralateral nephrectomy. Biochemicaldms were per-
formed at baseline, day 2 and at day 7, beforeifs®crH2S was
measured in urine and blood at baseline, aftericlrgeconstruction
and on postoperative day 2 and 7 using a micradsulbn electrode
(Lazar Research Laboratories). Preoperative clarsiits between
the two groups were similar. Nine pigs complete shaly and those
who underwent standard PN had a more torpid clicicarse. Despite
the significant differences in creatinine levetal 2 between the two
groups (355 vs. 136 mmol/L, p=0.008), pre-sacriBeeum creatinine
was similar (113 vs. 122 mmol/L, p>0.05). Blood H28els marked-
ly increased after IRl and returned to baselineleat day 7, whereas
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those remained similar along the experiment ingifoeip subjected to
zero-ischemia PN. H2S levels in urine slightly gased in both
groups, but return to baseline levels in animakheut IRI (Table 1).
The expression of pro-apoptotic markers like BAIZXBand Caspa-
se-3, and pro-inflammatory markers such as EDN1 MGAL was

higher in warm ischemia PN compared to off-clamp $j¢cimens.
Despite the similar levels of creatinine betweemhbgroups before
sacrifice, we found evidence of the deleteriousaotf IRI during

PN. Hydrogen sulfide significantly increases atil which may be
an intrinsic protective mechanism following IRI.

Table 1. Levels of H2S in blood and urine of pigs that umdmt either
standard or off-clamp partial nephrectomy surgery.

Blood H;S (nmol/L) Urine HzS (nmol/L)

Standard No Ischemia Standard No Ischemia

Baseline 1.52 1.74 0.74 1.26
Post reconstruction 141 155 3.23 2.57
Day 2 40.72 1.79 2.68 1.26

Day 7 0.72 1.45 4.09 0.88
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Chemical Reagents for H2S Study

Yuya Ouchi
Dojindo Laboratories, Kumamoto, Japan

Dojindo Laboratories develops, produces and marlatemical
reagents worldwide useful for life science reseasubh as calcium
ion (Ca2+) or nitric oxide (NO) signaling, and oaitve stress.
Hydrogen sulfide (H2S) has emerged as the thiré@as signaling
molecule along with NO and CO. The research fi¢lti®S has been
expanding with new findings of the physiologicahétions including
vascular relaxation, celluar protection, neurotnaission and
apoptosis. Furthermore, the functional mechanisrascamplicating
due to the emergence of new possible mediators asigiersulfides,
polysulfides and HNO, which should be involved imamyg biological
systems as well as H2S and NO. Thus, it is requicedlevelop
reliable chemical reagents and methods for invastig of these
reactive species separately. In addition, analysfegrotein thiol
modificaions such as S-sulfhydration, S-nitrosgati and S-
sulfenylation, which are induced by reaction witlede reactive
species, will become more important in understagdof their
chemical functions. Thus, we have developed chdmezgents for
biological studies related to H2S, such as H2Spigsulfide donors
and their detections. In our posters, the reagehtsh contribute to
the H2S study will be introduced.
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Gasotransmitter Metabolite Bioavailability during Hypoxia and
Reoxygenation

Sibile Pardue, Jacob Kesten, Shuai Yuan, ChrislKevi
LSU Health-Shreveport, Shreveport, USA

Gasotransmitters play an important role in celhalgng. Nitric oxide
(NO) and hydrogen sulfide (H2S) are signaling moles involved in
regulation of cardiovascular functions includingsealar remodeling
as well as inflammatory responses. Their bioavditgbs known to
be transient and can dissipate quickly while alsmlifiying proteins
and other small molecules to alter cell signalimgl dunction. Post-
translational modifications (PTM’s) influence var® signaling
pathways that influence pathophysiological fundi@ssociated with
vascular dysfunction. However, biological fluctwets of these
gasotransmitters and their impact on protein mediions during
endothelial cell hypoxia and reoxygenation remaiorfy understood.
In this study, we examined gasotransmitter bioabdity along with
possible PTM’s at  various time intervals during
hypoxia/reoxygenation. Mouse aortic endothelialscMAECs) were
grown to confluence and either left at normoxic%glconditions or
placed in hypoxic (1%) oxygen tension for 30 misutellowed by 1
or 2 hour recovery in normoxic conditions. Cellsravdarvested in
appropriate buffers and frozen in liquid nitrogeor finalysis. The
monobromobimane (MBB)-HPLC method was used to nreasaial
sulfide metabolites4. Total NOx including nitriteica S-nitrosothiol
(SNO) were measured using NO chemiluminescence. thiels were
measured using a commercial fluorescent assay kit
Persulfidation/sulfhydration and s-nitrosolationreveneasured using
tag-switch and biotin-switch methods respectivBl@ bioavailability
was found to decrease during hypoxia, which wasrexavered by 2
hours of reoxygenation. The reduction in NO lewslgesponded with
increases S-nitrosylation during hypoxia and repoin. In contrast,
total sulfide levels decreased during hypoxia wiéthconcomitant
decrease in S-sulfhydration. Interestingly, CSEgrexpression was
unchanged during hypoxia-reoxygenation, yet CSEymezactivity
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was significantly increased. Finally, overall ls/ef free thiols were
decreased during hypoxia-reoxygenation. Taken hagetthese
findings indicate that changes in sulfide bioavallyy and

metabolism are more acutely affected during hyposaxygenation
that might be important for cellular adaptation aefense responses.
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Dimethyl trisulfide attenuates carrageenan-inducedmechanical
hyperalgesia of the murine hindpaw in a TRPA1 and €4
receptor-dependent manner

Pozsgai G., Batai I. Z., Pintér E.
Department of Pharmacology and Pharmacotherapy,vehsity of
Pécs, Pécs, Hungary

Transient receptor potential ankyrin-1 (TRPA1l) moe-mediated
activation of primary sensory neurons by dialkyl lysalfide
compound dimethyl trisulfide (DMTS) was investighteDialkyl
polysulfides might produce protein disulfides anddulate biological
systems (Li and Lancaster, 2013; Gruhlke and Shnéar, 2012).
TRPA1 channels are mostly expressed in primaryasgnseurons.
Polysulfide compounds activate TRPAL receptors (Kemn 2015).
TRPAL activation might induce somatostatin (SOMlease from
peptidergic sensory neurons. SOM has systemicirdid@mmatory
and analgesic effects mediated by sst4 receptasld&anyi et al.,
2011). Abilty of DMTS to release SOM and to elicanti-
inflammatory and analgesic effects via sst4 reaspito carrageenan-
evoked hindpaw inflammation was examined. One hamdpf TRPA1
and sst4 wild-type (WT) or knockout (KO) mice wamgected with
carrageenan (10uL of 3% solution in saline) intraplantarly.
Contralateral paws received saline. Animals wezatad with DMTS
(250 umol/kg) i.p. 30 min before carrageenan challenge every
hour thereafter for 6 hours. Mechanical hyperalesas tested by
dynamic plantar aesthesiometry. Paw oedema wasctddteby
plethysmometry. Hyperalgesia and swelling were rdateed before
and 2, 4, 6 h after carrageenan injection. Carrayeeinduced
mechanical hyperalgesia and paw swelling in allmahi strains
examined. DMTS significantly inhibited hyperalgegiaTRPA1 WT
and sst4 WT (-50.45+£2.45%, -46.49+5.59%, -55.38%2.8s. -
13.22+4.91%, -18.62+2.17%, -18.51+3.71% and -4046%8%, -
51.04+3.35%, -51.33+2.42% vs. -7.29+2.91%, -20.212%, -
14.78+3.02% at 2, 4, 6 h in TRPA1 and sst4 WT ntieated with
vehicle or DMTS, respectively), but not in TRPAL1 Ka@d sst4 KO
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mice. Animals genetically lacking sst4 receptorsvelieped less
hyperalgesia than their WT counterparts (-51.043%3 -
51.33+2.42% vs. -33.34+3.27%, -30.06+1.95% at 4, i sst4 WT
and KO animals treated with DMTS, respectively).riiration of
hindpaw oedema was only inhibited by DMTS in TRRAT mice at
6 h (66.02+3.04% vs. 37.94+6.16% in vehicle and [3Mileated
mice, respectively). Attenuating effect of repeatdtemic DMTS
administration on mechanical hyperalgesia induceddrrageenan is
mediated by TRPA1 and sst4 receptors. DMTS migtivate TRPAL
receptors on peptidergic sensory neurons and eel&&M. SOM
might enter the blood stream and act via sst4 tecepf nociceptor
nerve endings and inflammatory cells. Inhibitorfeef of DMTS on
paw swelling is mediated by TRPA1 channel openg,independent
of sst4 receptors. Our data might further elucidhge pharmacology
of dialkyl polysulfides and promote the developmehanalgesic and
anti-inflammatory therapeutics of such structure.
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SstR, a redox sensor from Salmonella Typhimurium rgulates the
sstRA operon associated with hydrogen sulfide stregolerance

Roobinidevi Ragupathy* & Jennifer S. Cavet
Faculty of Life Sciences, University of Manches#anchester,UK

Salmonella is an important cause of food poisorangd responsible
for over a billion human infections each year @#9llowing oral in-
gestion of Salmonella, disease is started by tléekia being able to
survive within the intestinal tract and invade belial cells (2). This
is due, at least in part, by the ability of Salmtan& use sulfur com-
pounds such as thiosulfate and tetrathionate fgepira&tion thus
providing a growth advantage for Salmonella andvalg it to out-
compete the host microbiota to cause disease (ByeMer, the regula-
tion of sulfur availability within Salmonella antté mechanisms in-
volved in mitigating cellular hydrogen sulfide toiky are not well-
defined (4). We identified the sstRA operon in Satella encoding a
deduced SmtB/ArsR family transcriptional regulatq@nptein (SstR)
and deduced rhodanese-family sulfur-transferas#\[Ssith a poten-
tial role in mitigating the effects of cellular hydyen sulfide toxicity.
We have confirmed that SstR acts as a represdoartgcription from
the sstRA operator-promoter, with SstR-dependgiression alleviat-
ed by low pH and sulfide stress (sodium thiosujfatensistent with a
role in sulfide sensing. Electrophoretic mobilityifs assays confirm
binding of purified SstR to the sstRA operator-poden. A conserved
pair of cysteine residues within SstR is crucial &tleviating SstR-
mediated repression, with substitution of eithesteyne causing con-
stitutive repression, consistent with SstR indu@sponsiveness in-
volving a thiol-based redox switch. Importantly, tamts lacking both
sstR and sstA have reduced tolerance to sulfigssuggesting that
the sstRA operon may contribute to protecting Sakefla against cel-
lular sulfide stress. Work is continuing to furtledraracterize the roles
of sstR and sstA in Salmonella and their contrimagito infections.
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S-sulfhydration in plant systems. Effect on proteinsubcellular
location and function

Luis C. Romero, M. Angeles Aroca, Cecilia Gotor
Instituto de Bioquimica Vegetal y Fotosintesis, $&pm Superior de
Investigaciones Cientificas y Universidad de Savilevilla, Spain

Emerging data in recent years suggest that H2S forastion as an
important signaling molecule in plant systems (@&ao al., 2015;
Kimura, 2015). With regard to certain stresses, H2&tment
alleviates the inhibitory effect of several abiotttesses. H2S also
plays a role in the regulation of drought stress laas been described
as a component of the abscisic acid signaling m&twoguard cells
(Scuffi et al., 2014; Papanatsiou et al., 2015)rddwer, H2S has been
shown to modulate photosynthesis through the priomotof
chloroplast biogenesis, photosynthetic enzyme &sjwa, and thiol
redox modification. Protein S-sulfhydration of thi@ol residue of
cysteines has been proposed as a mechanism fafamamg the
sulfide signal into a biological response and rédgeme have reported
the detection of protein S-sulfhydryl modificationplants by using a
modification of the biotin switch technique (Aroed al., 2015).
However, we have improved the detection method &ipgua tag-
switch technique that can selectively detect p&daibdducts labelled
with a biotin-linked cyanoacetate as reporting roole (Zhang et al.,
2014). With this new method, we have increased rthmber of
detected S-sulfhydrated proteins from 106 to 314ens, which are
involved in functional processes mainly related hwiprimary
metabolism. We have performed a functional analgtisne of these
proteins, the cytosolic isoform C of the glycerdigde 3-phosphate
dehydrogenase enzyme, both in wild type and deganmhudefective
in the generation of sulfide in the cytosol. We énanlearly observed
that S-sulfhydration alters the cystosolic/nuclsidcellular location
of the protein.
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Transcriptional dysregulation of cysteine biosynthsis in
Huntington’s disease

Sbodio J.I., Snyder S.H., Paul B.D.
The Johns Hopkins University School of MedicinehndoHopkins
University, Baltimore, USA

Regulation of amino acid homeostasis is crucialf@intenance of
cellular functions. Disturbances in amino acid rbetsm have been
observed in Huntington’s disease (HD), but theiteuolar origins are
unknown. HD is triggered by an expansion of polyghine repeats
in the protein huntingtin (Htt), impacting diversellular processes
ranging from transcriptional regulation to cogrativand motor
functions. We show here that the master regulafoamino acid

homeostasis, activating transcription factor 4 (AYis dysfunctional
in HD due to oxidative stress contributed by abdrraysteine

biosynthesis and transport. Consistent with thed&semvations,
antioxidant supplementation reverses the disordafédl response to
nutrient stress. Our findings establish a moleclitdér between amino
acid disposition and oxidative stress leading teotoxicity. This

signaling cascade may be relevant to other diseasetsing redox

imbalance and deficits in amino acid metabolism.
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Synthesis of Dexamethasone-H2S Donors Hybrids andh@ir
Evaluation in vitro

Beatrice Severimp Fiorentina RoviezZp Angela Corvind,
Ferdinando Fiorin Francesco FrecentéseElisa Maglf, Elisa
Perissutfi, Irene Saccorle Paola Di Vaid, Giuseppe Ciring
Antonietta Ros$j Vincenzo Santagada Giuseppe Caliendp
Vincenzo Calderorfe

!Department of Pharmacy, University of Naples “Feder II”,
Napoli, Italy.

’Department of Pharmacy, University of Pisa, Pisalyl

Asthma is one of the most common chronic inflammatbsorder of
the airways. Successful management of patients setlere asthma
continues to be a major unmet need. One of theebsutio successful
management is the heterogeneity of asthma thatbeasubdivided
into a number of different phenotypes and endotygesdate, the
main therapies for asthma are anti-inflammatory gdruand
bronchodilators, or a combination thereof. Thera growing body of
evidence suggesting that hydrogen sulfide mighofbdinical benefit
in pulmonary diseases.[1-3] In particular a rolelgdrogen sulfide in
modulating airway hypereactivity and remodeling hasn suggested.
Airway hypereactivity is an important pathophysgilzal
characteristic of asthma and it is linked to battway inflammation
and remodeling. Considering the biological relewant H2S as an
endogenous gasotransmitter in the pathogenesisnayadiseases,[2]
and the need of new classes of drugs acting throdifflerent
pathways for the unresponsive patients, we havepcaga that
combined treatment with glucocorticoids and H2®aeing moieties
could represent an effective therapeutic stratemy dsthma care.
Starting from this hypothesis we have designed symihesized new
molecular entities containing dexamethasone, chalyidinked to
molecules able to release H2S, that could enhameetherapeutic
activity of steroids and in particular useful feteroid resistance in
asthma. Dexamethasone was converted to the condisigo 21-
succinate that was coupled with H2S-releasing nesiesuch as ADT-
OH or TBZ, leading to the formation of the desitadbrids (FAS I-11).
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In order to characterize the H2S-releasing properof the newly
synthesized molecules, an amperometric approach emgsioyed,
allowing to have a real-time determination of th2S-release and thus
to perform a qualitative/quantitative descriptiohtlee process. The
experiments were performed at two different conegioins of the
compounds (100 uM and 1 mM), in absence and irepeesof 4 mM
L-cysteine. The incubation of FAS I-Il in the asdayffer led to a
negligible release of H2S; in contrast, in the pneg of L-cysteine,
compounds exhibited a slow, significant and conegioin-dependent
release of H2S. Then, the synthesized hybrids westd on J774
macrophages pretreated for 2h and 4h before stilonlavith LPS,
measuring the NO production [4] and comparing olgdidata to: i)
dexamethasone and ii) the corresponding succibaeamethasone-
H2S donors (FAS | and Il) showed an enhanced itdmpiactivity
with respect to dexamethasone succinate when ptetrdoth for 2h
and 4h even if the longer pretreatment resultethasest condition
with the higher % of inhibition. The obtained rdsusupported our
hypothesis that the anti-inflammatory effect cobkl enhanced with
glucocorticoids-H2S donors hybrids, that could hbéable for the
evaluation in in vivo model of asthma.
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Signaling Effects of Sodium Hydrosulfide in Healthy Donor
Peripheral Blood Mononuclear Cells.
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There is increased interest in hydrogen sulfide SHZas an
endogenous gasotransmitter in human physiology iaft@mmatory
disease [1], however with limited knowledge of itwemd signal
transduction pathways for this gasotransmittemmune cells. H2S is
known to modulate phosphorylation of p38 MAPK [2,Bp examine
the mechanism of action and downstream effect88frpodulation in
human PBMCs, as well as inflammatory signaling eneral, we
stimulated healthy donor PBMCs with sodium hydrbdalto mimic
H2S stimulation, and analysed phosphorylation d pBAP kinase
(pT180/pY182), p-NReB p65 (S529), Akt (pS473) and CREB/ATF1
(pS133/pS63) with flow and mass cytometry. In casitto subsets of
lymphocytes, classical monocytes demonstrated igesta
phosphorylation of p38, Akt and CREB/ATF1. NaSHundd calcium
dependent phosphorylation of p38, Akt and CREB, it NF«B,
and the phosphorylation of Akt was partly dependent p38,
indicative of p38-Akt cross talk. Akt is known tce kinvolved in
polarization of macrophages towards an anti-inflatory M2 type,
known for its involvement in resolution of inflamtan [4], and such
a role for H2S has been suggested by others [lgs&hresults
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interestingly provide a description of a NaSH-ingdic signal
transduction pathway in human primary immune ceith both pro-
and anti-inflammatory aspects. This is similarte tisparate reports
of the effects of H2S in inflammation [5-11].
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Cystathioninef,-synthase  inhibition ~ for  colon  cancer:
enhancement of the therapeutic efficacy of aminoomgetic acid
via the prodrug approach:in vivo studies

Chao C', zatarain J.R, Ding Y2 Mrazek A.Al, Johnson P. Chen

H.2, Hellmich J.L%, Bohanon 3, Cheema M, Lewis R?, Eclerbarger
D.}, Druzhina N2, Zhou F, Szabo C, Hellmich M.R?
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Colon cancer cells contain high levels of cystatime-b-synthase
(CBS). Its product, hydrogen sulfide #8), promotes the growth and
proliferation of colorectal tumor cella vitro andin vivo [1]. We have
recently designed and synthesized an AOAA prodA@QAA methyl
ester: YD0O171) and demonstrated its superior aiifprative effect
over AOAA in various colon cancer modets vitro. Therefore, the
efficacy of YDO171 was tested in various tumor-loggrmouse
modelsin vivo. In nude mice subjected to subcutaneous or igesti
of HCT116 cells, animals were treated via subcuiasevehicle,
AOAA (1, 3 or 9 mg/kg/day) or YD0171 (0.1, 0.5 ornig/kg/day)
daily for 5 days a week for 3 weeks. Tumor growtsvgignificantly
reduced by 9 mg/kg/day AOAA, but not at the loweses. YD0171
was more efficacious: tumor volume was significamhibited at 0.5
and 1 mg/kg/day. YD0171 (1 mg/kg/day) and AOAA (9/ky/day)
was comparably efficacious to oxaliplatin in pretveg tumor growth
and metastasis formation in the intracecal HCT1t6or model. In a
model of patient-derived xenograft (PDTX) in nudécen YD0171
prevented tumor growth. In addition, delayed treattrwith YD0171
(3 mg/kg/day) induced the regression of establishedors. The
inhibition of CBS activity - after one week of YDD1 treatment of
established tumors - was also confirmed by direst vivo
measurements of CBS activity; the intratumor CB®veg inhibition
was more pronounced than the inhibition of parendly(hepatic)
CBS activity. In conclusion, the prodrug approaas,exemplified by
YDO0171, may be a viable strategy to increase thiguamor efficacy
of AOAA.
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Pharmacological characterization of cardioprotectie profile of
the novel H,:S-donor 4-carboxyphenyl isothiocyanate (4-CPl).
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Hydrogen sulfide (KS) is an endogenous gasotransmitter pivotally
involved in the physiological regulation of blootepsure and cardiac
function. In particular, b5 exhibits cardioprotective effects in
ischemia-reperfusion (I/R) models, and is consides@ important
mediator of “ischemic  preconditioning”, a self-defe
cardioprotective mechanism against myocardial I/Rjury.
Mechanisms of action accounting for its activitye anot yet
completely understood, however a central role cdwddplayed by
mitochondrial ATP-sensitive potassium channels ¢riIATP), since
anti-ischemic effects of #$ are largely inhibited by mito-KATP
blockers [1]. Other mechanisms are proposed to aaxpl
cardioprotection of b5, such as 5-phosphodiesterase inhibition and
anti-inflammatory effects [2-3]. Presently, the masdely used HS-
donor is NaHS; nevertheless this agent rapidly pced HS, and this
feature may cause adverse effects. Indeed, foffea aad effective
pharmacological administration, an idealS-donor should generate
H.S with slower releasing rate. Recently, we dematestir the HS-
releasing properties of some aryl isothiocyanaterivdtves,
suggesting that isothiocyanate is a suitabi8-donor moiety. Among
these derivatives, 4-carboxyphenyl isothiocyandt€Rl) exhibited
interesting  concentration-dependent  vasorelaxingfecef on
conductance and coronary arteries, and caused raambr
hyperpolarization of vascular smooth muscle cdl|sHere, we aimed
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at evaluating the cardioprotective profile of 4-GRlex-vivomodels
of I/R injury in Langendorff-perfused hearts fromistér rats and in
in-vivo model of acute myocardial infarct. I/R period caisnarked
damage to the isolated rat hearts, highlighted % reduction in
myocardial contractility; this was associated wathhigh degree of
tissue injury, detected by morphometric analysi€R (0.072, 0.24
and 0.72 mg/Kg, i.p.) produced a significant immgment of
functional parameters and a reduced extension afemic area.
Moreover, dihydroxyethidium (DHE)-staining evidedcan elevated
production of ROS in tissue slices from hearts stteohto I/R, while
in myocardial samples from rats pre-treated witiPAH(®.24mg/Kg)
ROS production was significantly reduced. FinalDSE expression
was markedly lower in cardiac homogenates obtaiinech hearts
submitted to I/R period after pre-treated with 4Q®PR4mg/Kg). Pre-
treatment of animals with 5-hydroxydecanoic acitif5 10 mg/Kg
i.p.), selective blocker of mito-KATP channels, akh completely
abolished the cardioprotective effects of 4CPI 448/Kg), The
involvement of mito-KATP channels was further comied in isolated
rat cardiac mitochondria, in which 4-CPI showed tipacal effects of
mitochondrial potassium channel activators, suchmét®chondrial
membrane depolarization and inhibition of calciuptake into the
mitochondrial matrix. In agreement with the resutstained on the
isolated hearts, 4-CPI (0.24mg/Kg, i.p.) displayedtective effects
also inin vivo model of acute myocardial infarct, where damaged
areas were significantly reduced if compared wehigle-treatment.

These results demonstrate that the noveb-Honor, 4-CPI, is
endowed with significant cardioprotective activity ex-vivoandin
vivo I/R models, likely mediated by mito-KATP channetigation.
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The endothelial protective ACE inhibitor Zofenoprilat exerts anti-
inflammatory activities through H,S production

Erika Terzuoli, Martina Monti, Marina Ziche, LudMorbidelli
Department of. Life Sciences, University of Si&iana

Cardiovascular diseases as atherosclerosis arecigtssb to an
inflammatory state of the vessel wall which leads endothelial
dysfunction and adherence and activation of citowgainflammatory
cells. Among the cardiovascular protecting effestsmultitasking
drugs as ACE inhibitors there are also their regmucing and anti-
inflammatory properties. Hydrogen sulfide, a noweardiovascular
protective gaseous mediator, has been reported do abti-
inflammatory and we have recently demonstrated ittt SH
containing ACE inhibitor Zofenoprilat controls thangiogenic
features of vascular endothelium thoughSHenzymatic production.
Here we found that 6, produced through CSE activity upregulated
by Zofenoprilat, abolished all the inflammatory tig@s induced by
interlukin-1beta (IL-B) in HUVEC, especially the NF-
kB/cyclooxygenase-2/prostanoid biochemical pathwdyhe pre-
incubation with  Zofenoprilat/t$ prevented IL-f# induced
paracellular iperpermeability through the contrélexpression and
localization of cell-cell junctional markers ZO-hd VE-cadherin.
Moreover, Zofenoprilat/k5 reduced the expression of the endothelial
markers CD40 and CD31, involved in the recruitmeitirculating
mononuclear cells and platelets. These in vitra dacument the anti-
inflammatory activity of Zofenoprilat/t& on vascular endothelium,
reinforcing the cardiovascular protective effecttbis multitasking
drug.
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Inositol  polyphosphate  multikinase is a regulator ©
transsulfuration pathway

Richa Tyagi, Solomon H Snyder, Bindu Diana Paul
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Inositol polyphosphate multikinase (IPMK) is onetbé members of
inositol phosphate kinase family that generates siiob
polyphosphates. IPMK possesses inositol phosphatasd (IP3-
kinase) as well as phosphatidylinositol kinase {Ritase) activities.
IPMK is a pleiotropic protein and non-catalyticallgegulates
mammalian target of rapamycin complex 1 (MTORCIgrus
response factor, p300, and tumor suppressor prptsn We report
that IPMK regulates expression of cystathioning/ase (CSE) and 3-
mercaptopyruvate sulfurtransferase (3-MST), enzynmeslved in
Hydrogen sulfide production. Protein levels of Ca8ad MST are
increased in IPMK null fibroblasts as compared tlal wype fibroblast
cells. Regulation of CSE and MST is independerntadélytic activity
of IPMK. IPMK regulates CSE expression at the tcaipsional level.
Since cystathioning-synthase (CBS) is expressed at relatively lower
levels as compare to CSE in fibroblasts, CSE isntlagor source of
cysteine generation from cystathionine in mouseoblasts. Lysates
prepared from IPMK null fibroblasts produced morgsteine as
compared to wild type cells. Hydrogen sulfide lesvedre also
increased in IPMK null fibroblasts. Expression dBE is inducible
upon condition such as lipopolysaccharides (LP8J, iaflammation
mediated by tumor necrosis factofTNF-o). We propose that IPMK
acts as a repressor of CSE expression.
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Intricate regulation of the human H2S-synthesizing enzyme
cystathionine-p-synthase: the allosteric activator S-adenosyl-L-
methionine elicits co and no binding
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While being involved in homocysteine homeostasisyman
cystathionine pB-synthase (CBS) is a major source of the
gasotransmitter hydrogen sulphide, @) playing a relevant role in
human (patho)physiology. The CBS catalytic core dioms flanked
by a C-terminal domain binding the allosteric aator S-adenosyl-L-
methionine (AdoMet) and an N-terminal domain harbay a B-type
heme acting as redox sensor. AdoMet binding enlsa@&S activity
2-5-fold, whereas heme reduction and CO or NO bipdiesult in
enzyme inhibition. By a combination of static antbpped-flow
spectroscopy, we analysed the binding of CO andtdl@e ferrous
heme of recombinant human CBS and observed thabiNds >100-
fold faster and >100-fold tighter than CO [1]. Mover, whereas CO
binding is rate-limited by displacement of the egelmous Cys52
ligand, NO binding is not, suggesting that NO skety ‘attacks’ the
heme on the His65 ligand side. We further analyizedtionally and
spectroscopically the effect of AdoMet on CO and N@ding [2].
Despite being an allosteric activator of CBS, AdoMeahances the
CO inhibition of BHS production by lowering thKjco)from 9.5uM
(AdoMet-free) to 0.7uM (AdoMet-bound). Accordingly, AdoMet-
incubated CBS binds CO ~5-fold tighter and ~10-fialster than the
AdoMet-free enzyme. Interestingly, the AdoMet effewas less
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pronounced (~2-fold) on NO binding affinity and @siation kinetics,
suggesting that the AdoMet-induced ligand modutatiovolves
mostly the Cys52 ligand. Irrespectively of the naagktic details
entailing this communication between CBS domains remarkably
paradoxical that an allosteric activator makesetheyme more prone
to inactivation by the gasotransmitters CO and NX@spite this
apparent regulatory conundrum, it is not surprisingt CBS, as a
major source of b5, exhibits such intricate switching mechanisms to
quickly and effectively modulate43 production.

References:

1. Vicente J.B., Colaco H.G., Mendes M.I., Sarti Reahdro P.,
Giuffre A. NO binds human cystathionifiesynthase quickly
and tightly, J. Biol. Chem. 2014,289:8579-87.

2. Vicente J.B., Colaco H.G., Sarti P., Leandro Pyfi@g A. S-
Adenosyl-I-methionine Modulates CO and NOe Bindtoghe
Human H2S-generating Enzyme Cystathiongr8ynthase, J.
Biol. Chem. 2016;291:572-81.

214



AMPK Mediates the Treatment Effects of Hydrogen Suide and
Serves as a Therapeutic Target against Anemia of flammation

Minjun Wand, Hong Xirt, Yi Zhun Zhu+
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Aim: Anemia of inflammation (Al) is the second prevalanemia in
clinical conditions and associated with poor praiso (1).
Conventional remedies with blood transfusion andonir
supplementation remain contentious due to limitifecveness and
thorny side effects. Our recent work have demotedréhat hydrogen
sulfide (HS) markedly suppresses hepcidin, the direct catigd,o
through inhibiting interleukin-6 (IL-6)/signal traducer and activator
of transcription 3 (STAT3) pathway (3). AMP-actigdtprotein kinase
(AMPK) acts as a metabolic master and might regulaflammation
according to recent reports (2). We thus investigidihe role of AMPK
in the hepcidin inhibition by 8§ and accessed the therapeutic effects
of AMPK activators against Al.

Methods: Mice were pre-treated with metformin or AICAR, two
AMPK activators, followed by acute (6 hours) oratic (4 weeks) Al
induction via injecting IL-6 or turpentine, respectively. Blooler,
and spleen were collected and hematological inda@sg with body
iron distribution were analyzed. Fam vitro study, mouse primary
hepatocytes were incubated with AICAR or NaHS, a8 Honor, and
then challenged with IL-6. AMPK activation by,8l was accessed by
immunoblots and AMPK kinase assay. Constrictivedjive AMPK
(CA-AMPK), dominant negative construct (DN-AMPK) cspecific
AMPK siRNA were introduced to further confirm ouygdothesis.
Cycloheximide chase assay, ubiquitylation laddesags and co-
immunoprecipitation were performed to examine thechanisms in
Janus kinase 2 (JAK2) degradation induced by AMPK.
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Results: H,S ameliorated IL-6-induced STAT3 phosphorylation,
dimerization and transcriptional function, resudtinin reduced
hepcidin expression in mouse primary hepatocyths. éfffects of KS
was reversed by AMPK knockdown and a lentiviralteeexpressing
DN-AMPK. Moreover, activation of AMPK by AICAR andCA-
AMPK suppressed inflammatory hepcidin levels asl.w8imilar
results were obtainedn vivo. Metformin and AICAR inhibited
hepcidin production, corrected disturbances of inomeostasis, and
relieved anemic symptoms in both acute and chraédiamodels.
Mechanism study indicated that AMPK activation b\CAR and HBS
impaired JAK2 phosphorylation and protein levetsist blocked IL-6-
induced STAT3/hepcidin activation. Intriguingly, wefound
H.S/AMPK induced JAK2 degradation in a SOCS1l-dependen
manner. By promoting SOCS1-JAK2 interactions,SAMPK
increased JAK2 ubiquitylation, leading to proteasemediated
degradation. Silencing and inhibition of SOCS1 disted
H.S/AMPK-mediated suppression of STAT3 and hepcidsppposed
to SOCS1 overexpression. Consistent results wesereédin vivo
with SOCS1 specific siRNA.

Conclusion:For the first time we demonstrate that AMPK mesBat
the suppression of inflammatory hepcidin bySHhrough promoting
JAK?2 degradation, and suggest AMPK activators aghcemedies
for anemia of inflammation.
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The novel thiol-inducible H,S donor P* triggers apoptotic cell
death in Jurkat leukemia T cells

Burkhard Kloesch
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Background/Aim: The gaseous transmitter hydrogdfideu(H,S) is

involved in many physiological and pathophysiol@digrocesses.
Numerous studies report on the role obSHin cell survival,
proliferation and apoptosis of cancer cells but tesults are
controversial, depending on the type of thgSHlonor, application,
etc. Here, we present a novel thiol-inducibl&SHionor, named P* [1]
and described its bioactivity on Jurkat leukemiadCD cells.

Materials and Methods: Cell viability and apoptogwents were
evaluated by Celltox Green cytotoxicity assay, Aane//7-AAD
staining, caspase-3/-7 assay and Western bloackitular glutathione
(GSH) levels were measured by GSH-Glo glutathiossapa To
induce interleukin (IL)-2 expression, Jurkat T sellere stimulated
with phorbol 12-myristate 13-actetate plus ionomydi-2 release
was quantified by enzyme-linked immunosorbent assay

Results: Data demonstrate that P* had potent cyioteffects on
Jurkat T cells and induced apoptotic cell dea#ithe caspase-3/PARP
signaling pathway. Apoptosis was completely presenby co-
treatment of the cells with sulfur-containing amnanms like N-
acetylcysteine or L-cysteine. We observed thattimeat of Jurkat T
cells with P* led to intracellular GSH depletion andose-dependent
manner, suggesting that treatment with P* led tedox imbalance,
which led to apoptotic cell death. In contrast tp the ,classic and
fast-releasing b6 donor sodium hydrogen sulfide did not negatively
affect the viability of Jurkat T cells, suggestitigat P* induced
irreversible protein modifications such as formatiof heat shock
protein 27 dimers [2], or modification of specifigsteine residues in
thioredoxin [3, and unpublished data].
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A Genetic Deletion Of Cystathioniney-lyase Aggravates
Pulmonary Inflammation And Dysfunction During Blunt Chest
Trauma In Cigarette Smoke-exposed Mice
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Background: Blunt chest trauma is a common entity in
polytraumatised patients and is highly associatét posttraumatic
acute lung injury (ALl) [3]. The degree of pre-tmaatic cigarette
exposure (CS) is directly related to the severitpast-traumatic ALI

[5, 7]. Since previous publications provide equalodata regarding
the role of the hydrogen sulphide ,&j- producing enzyme
cystathioniney-lyase (CSE) during ALl and the development of a
chronic obstructive lung disease [1, 2, 4, 6], estéd the hypothesis
whether CSE deletion would aggravate pulmonary uhfon
following a blunt chest trauma in CS-exposed mice.

Materials and Methods: After 3-4 weeks of CS-exposure,
anaesthetised C57BL/6 (nonCS: n=8, CS: n=8) and’C@BnCS:
n=8, CS: n=8) mice underwent a blunt chest trauma& surgical
instrumentation and immediately thereafter receilteth-protective
mechanical ventilation for 4 hours. Blood and lutigsue were
harvested for immunoblotting, immunohistochemistngl histological
evaluation.
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Results: The expression of local but also systemic cytakine
(interleukin (IL) 1b, IL6, IL18, TNFa) and chemokis (Keratinocyte-
derived chemokine, Monocyte chemoattractant pretginwere
increased in CSEnonCS. In line, we also verified elevated levels of
oxidative stress but also pro- and anti- inflammatmediators.
Notably, local and systemic inflammation (IL1b, Té&§Fwas even
more pronounced in CSES.

Conclusion: Taken togethergenetic CSE deletion aggravated post-
traumatic inflammation and this was further incexhsupon pre-
traumatic CS exposure. Thus, we suggest a critidalof CSE in the
post-traumatic adaptive stress response.
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Background: Brain, heart, kidney, and liver are organs criljca
affected by haemorrhagic shock due to an impairedupion and
subsequent tissue hypoxia. A novel mitochondriahgeted hydrogen
sulphide (H,S-) donor, AP39, has recently been shown to reveal
beneficial effects in vivo by improving neurologicaand
haemodynamic outcome in mice following cardiac stredter pre- or
early post-treatment administration [2]. Anotherdst on rats revealed
protective effects against a renal ischemia-regesfuinjury [3]. In
vitro, AP39 exerts cytoprotective effects by stiatilg mitochondrial
respiration in rodent brain microvascular endot#iielind kidney
epithelial (NRK) cells [1, 3]. Therefore, we testin effect of AP39
on four different cells lines, representing criticagans affected by
shock.

Methods and measuremengg?39 (10nM and 100nM) was applied to
the cell culture media of NRK cells for a time ceairanging from
30min to 24h. We used two controls: AP219, whichh@sed on a
triphenylphosphonium scaffold, and ADT-OH, whichn&s as the
actual HS donor. Cells were harvested for immunoblottind? N
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analysis and assessment of high resolution respirgniHRR). HRR
was used to measure OxPHOS-, LEAK-, and ETS-capd@eK
Oxygraph- Oroborus Instruments, Austria). Respisatxtivity of the
samples was simultaneously stimulated by substfatesomplex |
and Il (Malate, Glutamate, Pyruvat and Succinaas)well as ADP.
OxPHOS-capacity was obtained as the maximum agtivider all
substrates including ADP; LEAK-capacity by inhibgi the ATP-
synthase with Oligomycine; ETS-capacity by addindne t
mitochondrial chain uncoupler FCCP.

Results: AP39 showed time- and dose-dependent effects. @ta d
revealed reduced protein expression levels of COMtypes (Cox4,
Cox5b) following the 10nM incubation, whereas thpression was
inconsistent upon 100nM incubation. AP39 furtheimstated
mitochondrial respiration both in the coupled amitaupled state
compared to the above mentioned controls.

Conclusion:Our data is in line with previous in vitro studievealing
an increase of mitochondrial respiration, possiiolyvirtue of the
electron donating capacity of,8. The reduction of COX expression
levels could be due to a delayed inhibition, thgrelther preserving
mitochondrial integrity or due to a ROS-mediateteef Ongoing
studies are further investigating the impact of 8R®hanges upon
Lipopolysaccharide (LPS)-stimulation, thereby siatilg a sepsis-
like state, a common post-traumatic complicationede findings are
crucial for understanding the precise impact of thiest
mitochondrially targeted % donor and its potential therapeutic role
in an in vitro model of sepsis. Supported by theGCDEERC1149,
project B02).

References:

1. Szczesny B., Modis K., Yanagi K., Coletta C., Leomnaire
S., Perry A., Wood M.E., Whiteman M., Szabo C.: APa
novel mitochondria-targeted hydrogen sulfide donor,
stimulates cellular bioenergetics, exerts cytopnibte effects
and protects against the loss of mitochondrial DiMAgrity in
oxidatively stressed endothelial cells in vitro.tridi Oxide.
2014;41:120-130.

224



Ikeda K., Marutani E., Hirai S., Wood M.E., Whitem¥.,
Ichinose F. Mitochondria-targeted hydrogen sulfidenor
AP39 improved neurological outcomes after cardiaest in
mice. Nitric Oxide. 2015;49: 90-96.

Ahmad A., Olah G., Szczesny B., Wood M.E., Whitenhdn
Szabo C. AP39, a mitochondrially targeted hydrogelfide
donor, exerts protective effects in renal epitheleells
subjected to oxidative stress in vitro and in agetgal injury
in vivo. Shock. 2016;45: 88-97.

225
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Macrophages in general, play important roles in itiigation and
progression of many chronic inflammatory  diseases.
Lipopolysaccharide (LPS) - a potent activator ofcrophages, and
interferon-gamma (IFN) - the principal macrophage-activating
factor were used to stimulate murine macrophage&.JAfter
stimulation J774 cells released a massive amouptaminflammatory
mediators - TNE and II-6 level in culture supernatants were messur
using ELISA test. Hydrogen sulfide £6) plays an important role in
inflammation (3). The expression of hydrogen selfigenerating
enzymes i.e. cystathioninf-synthase (CBS), 3-mercaptopyruvate
sulfurtransferase (MPST), andy-cystathionase (CTH) were
investigated in J774 cells. We showed that confnot stimulated)
J774 cells expressed the34forming enzymes CTH and CBS and
produced HS. The expression of the third enzyme, MPST, wds no
confirmed, although low activity of this enzyme wdetected in J774
cells. LPS stimulated cells showed significantlgreased expression
of CBS and CTH in comparison to control cells. Amwother study
indicated increased expression of CTH in LPS stated cells (1).
IFN-y stimulated cells showed significantly increasegresgsion of
CTH and in a lower degree the expression of CBS iMeasured by
the zinc acetate—trapping method (4) was used nepace HS level

in control, and LPS and INF-g stimulated cellseaf24 and 48 h of
incubation. The elevated level of,$ was found only in cells
stimulated by INF+ after 48 h of incubation. An oxidizing
environment in macrophages can result b Hxidation to sulfane
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sulfur. Increased level of sulfane sulfur, simyarhs HS, was
determined only in cells stimulated by INFafter 48 h of incubation.
In LPS stimulated J774 cells both the level gBHand sulfane sufur
were decreased after 48 h. Our results suggesnthatophages are
one of the HS producing cells and seem to confirm the incre&$&d
level in inflammation. HS might exert anti-inflammatory effects by
inhibiting NO production (2). Changes at the molaclevel not need
to be parallel to the observed biochemical responShanges in 5
level could be delayed to the earlier upregulaton the gene
expression. kB can also react with nitric oxide - forms nitrdsots
in stimulated J774 cells (5).
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Resveratrol enhances endogenous ,8-dependent relaxation in
vascular tissues
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Both hydrogen sulphide @g3) and resveratrol (RVT) have protective
effects in endothelial dysfunctions (Wangt al, 2015) and
cardiovascular diseases (Detsal, 2007). Beside RVT and H2S share
some mechanisms such as KATP and SIRT activatiDE, iRhibition
and ROS inhibition. We investigated if,8l is enrolled in vascular
relaxant effect of RVT in vascular tissues.We meagiS formation
by methylene blue assay and get concentration depémelaxations
to L-cysteine and acetylcholine (ACh) by DMT myogjnan aorta and
corpus cavernosum. Nitric oxide synthase inhibitd®-Nitro-L-
arginine (L-NNA), cystathionine-gamma-lyase (CSEhibitor PAG
or cystathioningg-synthase (CBS) and CSE inhibitor aminooxyacetic
acid (AOAA) used in the presence/absence of RVI ¢0.0.01 mM in
CC and aorta, respectively) to elucidate the rdlaitvic oxide (NO)
or H,S pathways on the effects of RVT. One- or Two Wanpya was
used as statistical test.Vascular protective effeftRVT have been
mostly attributed to eNOS activation (Frombaum &t 2012).
However we found that the ACh-induced relaxatiors wat altered
whereas L-cysteine-induced endogenou$ Hependent relaxations
were enhanced by RVT in both aorta and CC of miBeside RVT
stimulated both basal and L-cysteine-induced H2®ndébion. The
augmented kB formation in MCC or endogenous,$tdependent
relaxation in mice aorta did not altered by L-NN#yt returned by
H.S inhibitor AOAA or PAG, suggesting NO-independesagulation
of H,S-related effects by RVT. We concluded that RVTnpotes HS-
dependent relaxation via inducing$iformation regardless of tissue
type. This study may be important to show the paemf H,S in
vascular protective effects of RVT and,3Htargeting drugs in
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cardiovascular diseases.
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stress in mice aorta
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Oxidative stress inhibits nitric oxide (NO) bioakadility, accepted as
the main cause of endothelial dysfunction and caaticular diseases.
Several studies have been reported that hydrodphida (H2S) level
is impaired in endothelial dysfunctions (Waeg al, 2015), where
oxidative stress is accompanied. Although a restuty showed
decreased MPST-induced H2S formation by H202 (Maatisal,
2013), the role of vascular oxidative stress on @SE/H2S -
dependent regulation of ROS formation and vascudaus has not
been studied yet, as we know. We investigated fieeteof pyrogallol,
a ROS generator, on H2S formation by methylene kissay and
endogenous and exogenous H2S dependent relaxayddMT strip
myograph in CD1 mice aorta. Luminol and lucigenin
chemiluminescences were measured as indicatorO& fRrmation.
One way or Two way Anova was used as statisticgtl i®hen it is
appropriate. We found that pyrogallol (0.1 mM, 5nrhicauses both
superoxide radical and other ROS formation in naoeta (p<0.05,
n=7) and NaHS treatment (1 mM, 10 min.) inhibitead ROS
decreased L-cysteine stimulated endogenous H2Safamwithout
altering basal H2S formation in mice aorta (p<0,00%7). Acute
oxidative stress by pyrogallol inhibited endogen®i&S-dependent
relaxation induced by L-cysteine strongly (p<0.00%£6-9), while
decreased ACh relaxations slightly (p<0.05, n=%j)e Tmpairment in
L-cysteine-induced relaxation was not depending dmwnstream
mechanism of vasorelaxation through H2S, since emogs H2S
donor NaHS-induced relaxations were not decreasedxidative
stress (p>0.05, n=5). We concluded that disruptegdieine induced
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relaxation in oxidative stress was depended onedsed endogenous
H2S formation. As our knowledge this is the firstidy reporting
impaired L-cysteine induced H2S formation and ratepn in
oxidative stress. These data suggest that decrebk®l may
contribute to the regulation of vascular tonusandmvascular disease
where oxidative stress accompanies.
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Hydrogen sulfide prevents vascular calcification bysuppression of
STAT3/Cathepsin S signaling pathway
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Arterial medial calcification (AMC), often cause@ hyperglycemia
and hyperphosphatemia, is one of the major causeshé higher
mortality risk in the patients with diabetic rendisease. Here we
studied whether hydrogen sulfide &} an endogenous gaseous
mediator) can prevent aortic calcification in hyglgcemic/uremic
rats. AMC was induced in rats treated with streptozin and
subsequently fed with high fat, sugar and adenieefdr 6 weeks. At
the end of the experiment, animals were sacrifigedl aortic
calcification was measured. Obvious calcificaticasvebserved in the
aorta ofhyperglycemic/uremic rats, and this effeeis significantly
attenuated by treatment with NaHS (agSHlonor, 28mol/kg/day)
for 6 weeks. HS also significantly reduced the contents of catciu
(Ca) andphosphorus (P) and the activity of alkalpteosphatase
(ALP) in the aortic tissue. It was also found thRS upregulated the
expression of Sktactin and SM2&, but downregulated those of
osteogenic markers core binding factor alpha 1 ofdDf type |
collagen (Col) and ALP. These data suggest that KH2&tment
inhibits smooth muscle cells (SMCs) osteogenic d@viity. Moreover,
H.S reversed the phosphorylation of signal transdaodractivator of
transcription3 (STAT3) and the downregulated exgitesand activity
of cathepsin S (CatS) in aorta. In addition, theetarated degradation
of elastin in hyperglycemic/uremic rats was alsakedly reversed by
NaHS treatment. The osteogenic phenotypic switclohgMCs is
critical for the formation of AMC, we therefore &ted human aortic
SMCs (HASMCs) with 25 mM glucose and 10 mM-
glycerophosphate to induce SMC phenotypic transition. It was
found that both exogenous application of NaHS (10@) and
overexpression of cystathioninecystathionase (CSE, the mainSH
producing enzyme in SMC) to increase endogenofS idhibited
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calcification formation in HASMCs. This effect wasimicked by a
STATS3 inhibitor or a CatS inhibitor. Moreover, oegpression of
CatS aggravated calcification and induced troptielagoss in
HASMCs. On the contrary, siRNA silencing of STATGpgressed
calcification and CatS expression in HASMCs. Thessilts suggest
that HS may effectively suppress high glucose and phdspha
induced SMC osteogenic phenotypic switching andifedtion in a
STAT3/CaS/elastin dependent manner.
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Hydrogen sulphide (b8) is produced endogenously in cells and was
shown to preserve mitochondrial function(1). Desjiis benefits, the
endogenous }6 concentration in cells remains uncertain. The
intracellular concentration of 43 reported in the literature ranges
from low nM to high uM(2, 3). The uncertainty isedin part to the
lack of methods available to detect and quanti$ kevelsin vivo. In
recent years probes for,8 detection have been developed, the
majority of which are fluorescent(4) and cannotused in animal
models in vivo. However, animal models are better suited to
investigate pathologies like ischaemia-reperfusiamury and
ethylmalonic encephalopathy, whergSHhas been implicated in the
aetiology. Because of these assessed technicaétioms, HS cannot
be assessed directly in these pathologies. To ssldings unmet need,
we developed the mitochondria-targeted mass speetrg probe
MitoA. This probe reacts selectively with free;3Hto generate a
diagnostic product that can be sensitively detected mass
spectrometry, and thus can be used in animal Sudi@assess levels
of HyS in vivo. Therefore, MitoA enables the study of the vaoiatin
mitochondrial HS concentratioi vivoand consequently can be used
to explore the roles of % in mouse models of disease.
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Cysteine residues of proteins are preferred tarfggtsnodifications
mediated by reactive oxygen species (ROS) and iveacitrogen
species (RNS) which can lead to dramatic changehednstability,
function, activity and localization of proteinsRecently, HS was
discovered as an important signaling molecule Witih therapeutic
potential in inflammation, in the cardiovasculastgym and in cell
growtt. However, its exact mode of action is poorly ustEod. It is
believed that not the gaseous form gBHbut rather polysulfides can
interact with thiols forming persulfides (R-S-SHhnda thereby
changing the properties of a proteiflowever, due to its ambivalent
chemical features it is hard to investigate suamadification on a
protein level. On the one hand, persulfides shosinalar reactivity
towards electrophiles like thiols. On the other dyathey behave
similar to other cysteine oxidations in a biotinitelw assay. We
therefore developed a mass spectrometric basedothete named
(q)perS-SID (quantitative persulfide site identtion) which allows
the specific enrichment, isolation and quantificatof persulfides on
a peptide level. We could show that the diversS ldonors Ngb;,
Na&S, NaSH and GYY4137 show different potencies touasd
persulfides. Bioinformatical assessment of the detaaled that +6
affects all subcellular compartments and varioutulee processes.
Furthermore, it seems that negatively charged amaicids appear
more frequently in proximity to cysteines formingrgulfides. Using
PKM2 as a model protein we could confirm our proteo data
showing that persulfide formation at the cysteiegidues C49, C152,
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C358 and C474 leads to its inhibition. Taken togeththe
identification of persulfides on a proteome scalayrhelp to better
understand the biology of ;B and explain the protective effects of
H.S in several diseases.
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transition and mitigates renal fibrosis associatedwith chronic
obstructive urophaty
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Introduction: Prolonged ureteral obstruction can cause fibrosis,
leading to irreversible renal injury and chronidmey disease. Recent
studies suggest that transforming growth factoa blet(TGFB1), a
cytokine released by infiltrating inflammatory cgllcan initiate
epithelial-mesenchymal transition (EMT), therebyusiag fibrosis
(1,2). Currently, there are few preemptive measwresilable for
mitigating renal fibrosis during obstruction. Hydem sulfide (HS) is
an endogenous gasotransmitter that mediates pbggial processes
and can mitigate tissue injury via anti-inflammatand anti-fibrotic
properties (3-5). The current study investigates effects of HS
donor (GYY 4137) on renal fibrosis and EMT progressn chronic
obstructive uropathy.

Methods: Male Lewis rats underwent unilateral ureteral alston
(UUO) via ligation of left ureter. Following UUO, ate Lewis rats
were given daily injections of either phosphatefénaid saline (PBS)
or 200 uM/kg GYY 4137 + PBS for 30 days. Kidneysreveemoved
on day 30 and stained with Masson’s trichrome f@totogical
analysis of renal fibrosis. gRT-PCR and Westerrt blmalysis were
completed on renal tissue to assess expressioMdfraarkers. EMT
progression was also analyzed viaianvitro scratch wound assay
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whereby a scratch wound was created with auROPipette in a
confluent monolayer of pig kidney epithelial cefld.C-PK1). Cells
were serum-starved for 24 hours. Cells were theatéd with
10ng/mL TGFB1 to induce EMT, as well as various doses of GYY
4137. Scratch wound was imaged every half hou7®hours. EMT
progression was determined as a function of wolmslice.

Results: Histological analysis showed significantly redudéatosis
(P<0.01) in HS-treated rats following chronic obstruction when
compared to PBS treatment.,Fitreated rats also demonstrated
significantly decreased (P<0.05) expression of EMfarkers
following chronic UUO. TGH31-induced progression of EMT in
renal epithelial cells was significantly reduceck@®5) upon HS
treatment.

Conclusion:Our findings suggest that supplementaSHan mitigate
renal fibrosis associated with chronic ureteraltalztion. HS may
represent a preemptive therapy against renal damsgmriated with
obstructive uropathy, potentially improving longrterenal function
following resolution of renal obstruction.
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